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Discover the wonder, 
oi the universe 


Judging by some computer 
simulations that represent ou 
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eter ale on roe jolly colours — 
and its gigantic size and mass 
wk that, albeit controversially, 
ae protects the Earth from space 
rocks hurtling towards us. Take a trip backin time to 
when the Solar System was coming together though, 
and the planetary king is thought to have bashed 
its way towards the Sun before migrating to its 
current position, an average distance of 778 million 
kilometres (483 million miles) away from us. 

In the kerfuffle, Jupiter is thought to have robbed 
Mars of the materials that could have left it witha 
sufficient atmosphere and - perhaps even more 
shockingly - destroyed super-Earths that may have 
existed in the young Solar System. In this light, — 
Jupiter has well and truly earned the title of ‘planet 
killer’. Of course, given that we're happily surviving 
on Earth billions of years later, astronomers are ~ ys 
considering whether Jupiter’s wandering playeda 
massive part in how our Solar System turned out. 
Could this be the key to why its set up is so rare? 

We meet the planetary scientists asking the same (@e)fasieelae 
Colin finds out how 


question - and shedding some light - in this issue. 
It seems that oddly-configured planetary systems 
K /@ muchofablastwe'd 
Le t (1 Ke)e esl) =les\ s\(cian 
F hosted a supernova. 


are the norm in our universe and, according to 

the combined efforts of ground- and space-based _ 

telescopes, the worlds within them are even more os 

: : 4 TOT eel gS 

extraordinary. We meet ten of the wackiest alien | 

SG exist - Steere 54. anna 
While we were in deep space, we also took a look . usin return? We find 

at what happens when stars explode and got wind of Outover onpage 24. 

anew launch scheduled for next year - the Japanese 
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m Stars pack a punch 
when they explode. 
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billions on missions 
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worlds - that even we at All About Space couldn't 





Jonny O'Callaghan 


ASTRO-H - that will get a closer look at what really m Of the thousands 
happens when stars go supernova. oi lela 
Speaking of new launches, early December sees so far, Jonny has 
chosensome of the 





LISA Pathfinder begin to test the new technology for 
detecting gravitational waves - ripples in space-time 


predicted by Einstein's Theory of General Relativity, PeterGrego | 
which celebrates its 10O0-year anniversary this year. pA . | Bega mena 
| selection of tutorials 


most extraordinary. 


We caught up with the mission's project scientist eactein seh oka lperaia 
Paul McNamara at the mission's pre-launchmeeting Gemma Lavender your stargazing skills 


: : d : i. in the second part of 
in Italy to get the details. Enjoy the issue! Features Editor . 7 how to become 
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Blue skies 
of Pluto 


The first colour images of Pluto's 
atmospheric hazes, shown in this 
photo of the dwarf planet backlit 
by the Sun, returned to Earth via 
NASA's New Horizons spacecraft 
in early October. These images are 
the tell-tale signs that the dwarf 
planet has a blue sky. Thought to 
SYRIAN PM EL Cele MRO mtn Bar y4c 
enveloping Saturn's moon Titan, 
the source is likely to be sunlight- 
initiated chemical reactions of 
nitrogen and methane gases. 
These reactions create small, 
soot-like particles that grow as 
they settle toward the surface. 

In a second very significant 
finding, New Horizons has also 
detected small yet numerous 
stele (eRe mY] (=m (Rea mea= KOM) ai 
BETA ace a eee 
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BS ate) es the ir September. ee eclipse a) astrophotographer 7 
Yuri Beletsky under the southern skies that hang over Carnegie Las . 
Campanas Observatory, the Nile Way's diffuse glow and dark rifts 


accompany the deep red glow of the Moon. Immersed in our planet's = 


shadow, the lunar surface reflects the refracted and scattered light _ 
Poe Scenes Actompanying the dramatic blood red hue 
of the Moon, other features of the night sky have been captured 

yy, BTC reel Ke= lanl Panelelel arama re] Te) green shades of 
atmospheric litle ei A The Andromeda Galaxy (M31) can be seen just 
below the Moon, taking the form of a tiny smudge through the warm- © 
coloured airglow and lights headlining the horizon. The Magellanic 
satellite galaxies can also be seen to the far left of the photo. 


intatretoeel 
Space Station 


Astronaut and commander of the current 
Expedition 4! Scott Kelly celebrates 
breaking the spaceflight record for spending 
the longest tim ace, by playing with a 
floating ball of water and inserting coloured 
ink and an effervescent tablet into it. During 
the liquid experiment, which can be watched 
on YouTube, the astronaut watched the 
Elias arenes ote deform and release 
gases in mid-air. The show was captured by 
a camera capable of recording four times the 
resolution of normal high-definition cameras. 
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big and beautiful Messier 81 shows off its 

bright yellow nucleus, blue spiral arms, . . ‘ 

pinkish star forming regions and cosmic dust 

lanes in this image taken by astronomer 

Ken Crawford using the Rancho Del Sol 

Observatory. Knownas one of the brightest 

galaxies in Earth's sky, the grand spiral - . . 

found in the constellation of Ursa Major , 

(Great Bear) - hints at a disorderly past. A . : 

GTS MED eS elle UKe lO aB ULE C Leb AS 

disc is likely to be the lingering result of ee as 

a close encounter between itself and its 

smaller companion’galaxy, Messier 82. 
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aN a aalieKed 
star birth eet 


Glowing gas and ites Ais: of the Trifid Nebula 4 

MARU eaciele forming region py aaals) _ 
combined efforts of the ground-based Subaru , 4 - 
Telescope and the 2.4 metre-orbiting Hubble Space b ; 
Telescope. With colour data supplied by astronomer ~~ \ 


Martin Pugh and processed by Robert Gendler, 

mountains of opaque dust make their entrance on’ 

the right, while dark filaments of dust are thyeaded 

throughout the nebula. A massive star at the bs e 

centre of the nebula causes the majority of the star 

forming region's glow. * 
The Trifid Nebula is 300,000 years old, making 

it one of the youngest nebulae known. It lies at a 

distance of around 9,000 light years away and, in 

this particular image, spans about ten light Meee 


@ NASA; Yuri Beletsky; Ken Crawford; NAOJ; Robert Gendler 
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ile star sparks talk” 
alien megastructure’ 


Astronomers struggle to understand behaviour from a remote star, 
while some suggest that an advanced civilisation may be the cause 


A team of amateur and professional 
astronomers have revealed the 
existence of a mystery star whose 
currently inexplicable behaviour has 
sparked talk of an alien megastructure 
in orbit around it. The star, catalogued 
as KIC 8462852, lies about 1,500 
Weed n Lento Tice EN ceed Oe Da eee DSO ICTS 
discovered amid data from the planet- 
hunting Kepler Space Telescope. 

What makes the star special is 
a aCom UN BIDISIUF=IMONlD)cwbs miecMIfs4 pl molela DL OLE 
Kepler, launched in 2009, was 
designed to stare continuously at a 
packed field of stars, looking for the 
small dips in their light. These dips 
occur when exoplanets pass in front 
of their parent stars, blocking a tiny 
fraction of their disc in an event called 
a transit. So far, it has revealed more 
than a thousand exoplanets, with 
many more ‘candidates’ still currently 
being studied. 

Jb) Umm no) Ccme) MUO Lc) ENM-DKoMeLONICmDNCom GG 
8462852. Light from this middle-aged 


An artist's impression depicts 
the doomed planet in orbit 
around its white dwarf sun. 
Researchers estimate it could 
be destroyed completely 

etdel tee weet eae te 


yellow-white star went through two 
major dips and several smaller ones 
in the course of almost four years 

of observation, but these were not 
the small, periodic and predictable 
changes caused by planetary transits. 
The dips showed no obvious signs of 
a repeating pattern, and two of them 
were huge, blocking out 15 and 22 per 
cent of the star's light respectively - 
far too much to be explained by even 
the largest planet. 

Yale astronomer Tabetha Boyajian 
and her colleagues have ruled out 
many of the obvious explanations. 
The star doesn’t show any sign of 
instability, and is not young enough to 
still have a planet-forming disc, while 
infrared observations show none of 
the ‘infrared excess’ usually created 
by orbiting dust. It's possible that the 
star is being blocked by debris from 
a very recent interplanetary collision, 
but such events are rare, even on a 
cosmic timescale, and their debris 





is soon disposed of - so it’s highly 

unlikely that Kepler happened to - 

catch one in the act. A 
Boyajian concludes that the most 

likely explanation is a family of . 

comets, perhaps disturbed by the 

influence of another nearby star. But . 

according to Jason Wright of Penn : ’ 

State University, there’s another 

possibility worth considering. After 

seeing a preview of Boyajian’s work, 

he pointed out that the light signature 

could be consistent with a ‘swarm’ 

of artificial structures of the type 

that an advanced alien species might 

build in order to harvest energy 

jaKO)b0 mM l es 
It's almost certain that there's a 

natural explanation for this mystery 

Star, but astronomers from the SETI 

HOLSLMLAU Kom I Rom-VIKoRLOM MONOD NNRToM US TonE 

instruments on it, and Boyajian, 

Wright and their colleagues hope to 

learn more through radio telescope 

OSIM CIO NR STON | 


Cosmic 
‘Death 
Star’ found 
destroying 


a planet 
NASA‘s Kepler 


telescope catches a 
Star destroying an 
alien world 


What happens to a solar system when 
the star at its centre dies? Astronomers 
generally assume that, in an average 
planetary system, worlds survive 

as orbiting cinders even after their 
star has passed through its red giant 
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Stay up to date... 


phase and dwindled to a burnt-out 
white dwarf. But new observations 
from NASA's planet-hunting Kepler 
space telescope suggest that this is not 
always the case - some white dwarfs 
can still pack enough of a punch to 
have a devastating effect on their 
surviving planets. 

The star in question is a dwarf 
some 570 light years away in the 
Virgo constellation: Kepler's sensitive 
instruments picked up periodic dips 
in its light that confirm a number of 
objects in very tight orbits around it. 
The largest object passes in front of 
the star every 4.5 hours, and is the 
first confirmed exoplanet around a 
white dwarf. 

Orbiting a mere 840,000 kilometres 
(520,000 miles) from the star (over 
twice the distance from Earth to the 
Moon), the planet blocks out some 40 
per cent of its light (not because the 
planet is particularly big, but because 
the shrunken stellar core is so small 
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Some astronomers believe that 
comets are causing the star's 
extremely odd behaviour 





- probably about the size of Earth). 
Several smaller fragments seem to 
follow similar orbits, and the main 
planet's transits are ‘fuzzy’, suggesting 
that it is surrounded by a dense cloud 
of dust. 

Andrew Vanderburg of the Harvard- 
Smithsonian Institute for Astrophysics 
lead the team that made the discovery, 
backing up the Kepler data with 
studies using several large ground- 
based telescopes. The group think that 
the most likely explanation is that the 
planet and other objects have spiraled 
in towards the white dwarf, and are 
now being vaporised by intense 
radiation from its still-hot surface. 

Ultimately, the vapourised material 
will fall onto the star itself, enriching 
its upper layers with metallic elements 
(an occurance previously detected on 
other white dwarfs). “This is something 
no human has ever seen before,” says 
Vanderburg. “We are watching a solar 
system get destroyed.” @ 
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The solar wind is a stream of 
particles continuously blown across 
the Solar System from the Sun 


Astronomers 
use comet's 
tail to probe 
the Sun 


Kinks in the tail of a 
well-known comet 
could help improve our 
understanding of the 
solar wind 


Just like drying laundry ona 
gusty day, the streams of gas 
trailing behind comets are 
battered and twisted by changes 
in the solar wind. A team of 
scientists from the Southwest 
Research Institute (SwRI) in 
Boulder, Colorado, hope that 
new data from Comet Encke will 
help to solve some long-standing 
mysteries about the Sun. 

The solar wind is a stream of 
particles continuously blown out 
across the Solar System from the 
Sun's hot outer atmosphere (the 
corona). Invisible except when it 
interacts with more solid objects, 
it travels through the planets’ 
realm at supersonic speeds, but 
so far we've only been able to 
monitor its behaviour as it passes 
Earth and various space probes. 

But now the SwRI team has 
put a well-known comet to use 
in order to see fine detail in 
the wind's movements. Comet 
Encke is a small periodic comet 
which orbits the Sun in just 3.3 
years, producing a tight ion tail 
of electrically charged, glowing 
gas, studded with bright knots. 
By studying how these knots are 
blown around, the SwRI scientists 
have discovered the solar wind 
is already filled with turbulent 
eddies by the time it reaches 
Earth's orbit. “Turbulent motion 
mixes up the solar wind, leading 
to the rapid variation that we 
see at Earth,” explains Dr Craig 
DeForest, who led the research. @ 
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Most Earth-like 
lanets yet to 
e born 


Earth was among the first eight 
per cent of habitable worlds to 
form in the universe, according to 
the Baltimore's Space Telescope 
Science Institute. What's more, the 
majority of Earth-like worlds won't 
have even formed by the time the 
Earth dies in 5 billion years time. 


Astronaut Scott 
Kelly breaks 
space record 


On 16 October on board the 
International Space Station, Scott 
Kelly became the US astronaut 
with the most accumulated time 
in space, boasting 382 days. 


NASA plan 
new Venus 
and asteroid 
missions 


NASA has decided on two new 
missions to Venus and three to 
asteroids, including an atmospheric 
probe to the hellish world, an 
advanced radar mapper, a near- 
Earth-asteroid hunter as well as 
spacecraft to target Trojan objects 
that share Jupiter's orbit. 


Black hole 
shreds a star 


New data has revealed what 
happens when a supermassive 
black hole pulls a star to its doom. 
Observations of the core of galaxy 
PGC 043234 show a super-hot 
disc of material raining inwards 
and emitting X-rays as well as hot 
winds of particles. 
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Spacecraft, such as the Lunar 
Reconnaissance Orbiter, took a fresh 
look at Mafic Mound 























This composite image matties a 
visible-light view of the edge of spiral 
NGC 5775 with a VLA map of radio 
emissions from cosmic rays in its halo 


Radio haloes of 
spiral galaxies 
revealed 


A new study shows that 
disc-shaped galaxies 
are often embedded in 
clouds of radio-emitting 
cosmic rays 


According to observations from 

the Karl G Jansky Very Large Array 
(VLA), it seems that another type 
of radio-emitting galaxy may be 

far more common than previously 
thought. These galaxies are spiral 
systems, like ours, surrounded by 
rugby-ball-shaped haloes which are 
created as cosmic rays (fast-moving 
charged particles) swirl around in 
their extended magnetic fields. 

A few of these radio haloes were 
already known, but a new survey has 
shown they are quite widespread. 
Survey leader Judith Irwin of 
Canada’s Queen's University says: 
“We knew that some haloes existed, 
but, using the full power of the VLA 
and advanced image-processing 
techniques, we found that haloes are 
much more common among spiral 
galaxies than we realised.” 

The haloes are important because 
the presence of cosmic rays tells us a 
lot about the processes that produce 
them. “Studying these haloes can 
give us valuable information about a 
wide range of phenomena, including 
the rate of star formation within 
the disc, the winds from exploding 
stars, and the nature and origin of 
the galaxies’ magnetic fields,” says 
Theresa van Vliet Wiegert, also from 
Queen's University. @ 
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Cena nen mound likely 


hf 7 
al ; 
0 


il 


i 


formed by volcanic process 


The mysterious Mafic Mound could be a side effect of a 
colossal asteroid impact early in the Moon's history 


A strange 800-metre (2,625-foot) peak 
close to the lunar south pole could 
be the first example of a previously 
unknown type of volcanism, 
according to researchers from Brown 
University. Known as Mafic Mound, 
the mountain is about 75 kilometres 
(46.6 miles) across, and lies deep 
within the huge South Pole-Aitken 
Basin - the Moon's largest, oldest and 
deepest impact crater. It gets its name 
from its unusual mineral composition, 
abundant in the calcium-enriched 
‘mafic’ mineral pyroxene and very 
different from its surroundings. 
Planetary scientists Daniel Moriarty 
and Carle Pieters (who discovered 


NASA reveals 
three-step 
route to Mars 


With The Martian 
still reeling in 
cinema audiences, 
the space agency is 
making surviving 
on the Red Planet 

a reality with its 
long-term strategy to 
reach Mars 


A newly-published report from NASA 
outlines the US space agency's plans to 
reach Mars in greater detail than ever 
before, perhaps putting astronauts on 
the surface of our neighbouring planet, 
or at least in it's orbit by the 2030s. 
NASA's Journey to Mars strategy 
document puts forward a three-step 
program - and the exciting news is 
that we are already a long way into the 
first phase. 

The first step is an ‘Earth Reliant’ 
phase, focused on the International 


the mound in the 1990s) took a 

fresh look at it using data from a 
variety of satellites including the 
Lunar Reconnaissance Orbiter, 
GRAIL gravity probe, and India’s 
Chandrayaan-l. They found two 
models that fit all the observations, 
either of which would make Mafic 
Mound an interesting site for a future 
lunar lander. 

The South Pole-Aitken Basin's 
formation was a traumatic event for 
the Moon, and in its aftermath, the 
basin was filled with an ocean of 
molten rock up to 50 kilometres (31 
miles) deep, which slowly cooled, 
crystallised and shrank. According 


Space Station. Here, astronauts are 
already testing the impact of long- 
duration spaceflight, and developing 
new techniques and technologies that 
will be needed beyond Earth orbit. As 
NASA's new Orion spacecraft begins 
operations (an uncrewed test launch 
with the SLS is planned for 2018), this 
will lead into the ‘Proving Ground’ 
phase, a series of operations in more 
distant ‘deep space’ environments 


to Moriarty and Pieters, this slow 
solidification could have squeezed 
still-molten material up onto the 
surface, producing the mountain. 
Another effect of the impact was 
to gouge a huge amount of rock 
out of the Moon's upper layers, 
creating a region of substantially 
lower gravity. As the newly exposed 
surface rebounded upwards, the 
mantle beneath would have partially 
melted, triggering surface eruptions. 
“If the scenarios that we lay out for its 
formation are correct,” says Moriarty. 
“The mountain could represent a new 
volcanic process that has never been 
Sem esOcoma | 









NASA is already well into the first 

phase of its three-step program 
which aims to put astronauts on the 
surface of Mars by the 2030s 







that could include complex asteroid 
intercepts and long-term work towards 
independence from Earth. 

Finally, the ‘Earth Independent 
phase will involve the development 
of long-term Martian habitats and 
methods of utilising the Red Planet's 
own resources to create fuel, water 
and oxygen - not to mention testing 
more efficient ways of communicating 
between the Earth and Mars. @ 


© NASA; NRAO-:Harvard university 
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Jupiter: planet killer 





There are many things we know about Jupiter. It 
is a huge gas giant with a mass equivalent of 317.8 
Earths. It is twice.as massive as every other planet 
in the Solar System combined. It has four large 

_ Moons and a number of smaller ones, and it spins:at 
an incredible rate, which means a day lasts less than 
PIcOLubaLG mci e MELON ECR 

Js) Ulan dase com- Visco mcre) 88a tfhings feat a0) byIK) aa 
which continue to surprise us. Who would have 

‘thought, for example, that this mass of hydrogen 
and helium.could potentially have been a wrecking 
ball, helping to shape dete entire Solar System as we 
know it today? 

As it stands, the eight planets appear to bein 
regular, fixed orbits around the Sun. Mercury is 
closest, followed by Venus, Earth, Mars, Jupiter, 
Saturn, Uranus and Neptune. Yet it wasn't always so 
Plate MMU BHE KS everything appears to be in order now, ~ 
there are some anomalies which have niggled away © 
at astronomers for some time. 

One of these issues is Mars. Whenever scientists 
have tried to use computers to model the formation 
mae Solar System's four innermost planets, the 
mass of the Red Planet has either showed as being 
up to ten times greater than it actually is or much 
closer to the Sun. Something, they pondered, must 
have killed Mars' chances of growth‘and altered its 
orbit. And that something, some astronomers say 
today, was Jupiter. . 

Over the years, various studies have tried to come 
up with an explanation for the problem. In 2009, 
Brad Hansen from the University of California, Los 
Angeles (UCLA), put forward the theory that solid 
material in the’ Solar System was only distributed up 
to a certain point. He claimed there was a boundary 

» Of one Astronomical Unit (AU) from the Sun, after 
which planets would struggle to gain enough 
material in order to grow in size. 

This idea worked well: one Astronomical Unit is 
the distance between the Earth and the Sun and it 

“would explain why our home planet and Venus are 
far larger than Mars. Since Mars is situated at 1.5AU 
from the Sun, it would fall outside of the boundary 
set by Hansen. That would leave Mars with less solid 
material from which to build and it sounded like a 
perfect explanation. Yet a key element was missing. 
“Hansen did not explain how it could be, he just 
assumed [the position of the boundary],” says 

‘astronomer Alessandro Morbidelli. It did not account 
for the gas planets and the asteroid belt falling well 
outside of the 1AU boundary. “How could that be?” 
questioned Morbidelli. 

- He, along with Sean EW pralealer Kevin mae Avi 
Mandell and David O'Brien, started to look more 
closely at Jupiter, the largest planet in the Solar 
System, in order to explain the low mass of Mars. 
They eventually came up with the Grand Tack 
Hypothesis, which proposed that a lonely Jupiter 
was the first planet to form and that it had moved 
twice over its lifetime: firstly heading inwards 
towards the Sun and then migrating outwards into 
the position it occupies today. This is where things 

- become rather interesting. “We knew that for a small 
Mars, we needed to have a deficit in the planet's 
feeding zone,” says Raymond, an astronomer at the 

. | Laboratoire d'Astrophysique de Bordeaux in France. 

‘e | a “It's a pretty basic idea that for Mars to be small, it 
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Bottom-up model 


The start of a 
DET MA CLL 
Dust grains in orbit 
around a young star 
begin to coalesce 
into planetesimals. 
The clumping 
foleol cM gleolersd am ace) ab 
ar Miele) a Bie Keooe 


Top-down model 


In the beginning 
A disk of gas and 
dust - known as a 
protoplanetary disk - is 
made around a young 
edna] Bie 


had to be starved whereas Earth and Venus were 
not. So we thought, what about Jupiter; what if it had 
been sitting where Mars currently sits?" 

They posed that Jupiter travelled through the 
inner Solar System from an initial position of 3.5AU 
to 1.5AU, which is more or less Mars' current orbit. 

It was pulled inwards by the gravity and currents 

of the thick gas of the protoplanetary disk, which 
surrounded the young Sun in the early days of the 
Solar System's history. The dense gas of this disk 
prevented it from getting too close and falling into 
our star but, crucially, it meant that Jupiter absorbed 
a lot of debris that had existed in that region and this 
would have had a profound effect on the way the 
Red Planet would subsequently develop. 

At this stage, none of the terrestrial planets had 
formed. Mercury, Venus, Earth and Mars are younger 
than the gas planets and they were born much later. 
The Grand Tack scenario - which would have taken 
place during the first ten million years of the Solar 
System's existence - supposes that Saturn followed 
Jupiter in migrating towards the Sun and that the 
pair entered into orbital resonance. This meant both 
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How worlds like Jupiter are formed could be down to one of two theories 


Growing into 
planets 
The size of the 
planetesimals begins 
to increase, moving 
in orbits, to form the 
planetary embryos. 


Unstable dust 
Gravitational 
instabilities in the disk 
form clumps of gas 
become a planet by self- 
gravitation. 


Saturn and Jupiter exerted a regular and periodic 
gravitational influence on each other which resulted 
in a cosmic dance, pushing all of the gas between 
them out and eventually seeing the two gas planets 
migrate back out towards the outer Solar System. 

Jupiter eventually reached its current position 
of 5.2AU, but because it had absorbed much of the 
debris in its former position in Mars' orbit, it had 
effectively caused the Red Planet's growth to be 
stunted, killing its chance of becoming as large as 
Venus and Earth. What's more, since Jupiter had not 
gone beyond 1.5AU, it had not affected the debris 
closer to the Sun. That meant the three innermost 
terrestrial planets - Mercury, Venus and Earth - were 
able to form as expected. 

To see how this affected Mars, you need only 
compare it to Earth. Both rapidly generated mass 
at the start of their planetary lives but while Earth 
continued, Mars did not. Although Mars is believed 
to have formed around 1AU and was able to amass its 
core, gravitational interactions which pushed it out to 
its position at 1.5AU ensured it was in a region which 
lacked enough debris to allow it to grow. Mars was 


“The idea is that, if our Solar System was 
like others, then we should have had a 
number of super-Earths” creg raughtin 
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therefore forced to stop growing far earlier than our 
own planet. 

“The timescale for the formation of Mars is much 
Shorter than for Earth,” explains Morbidelli, who adds 
that the Earth formed 50 per cent of its mass in the 
first five to ten million years. “Earth took 100 million 
years and Mars took four million years. So at the 
beginning, Mars created mass and then it suddenly 
stopped. This idea of Jupiter depleting the region 
and then leaving little behind can explain the mass 
of Mars and explain why the creation of Mars was 
aborted so quickly.” 

Not that this is the end of Jupiter's potential role 
in shaping the way the planets around us formed. 
Some scientists believe super-Earths once existed in 
the Solar System and that these planets - which are 
up to ten-times the mass of our own yet smaller than 
Neptune - once existed close to the Sun just as they 
do in many other planetary systems. They helped 
to form what could be termed a Solar System 1.0 as 
opposed to the second version so familiar to us now 
but they may well have been destroyed by an all- 
conquering, migrating Jupiter. 

It sounds fanciful but this is the theory put 
forward by Konstantin Batygin, a planetary scientist 
at the California Institute of Technology, and 
Greg Laughlin, an astronomer at the University of 
California, Santa Cruz. Their idea incorporates the 
Grand Tack Hypothesis and it was inspired by the 
results of the Kepler Space Telescope mission, which 
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aM aTeM nar (la ae) are 
gas giant 
Before the gas in the 
disk disappears, the 
planetesimals drag 
gas envelopes onto 
themselves that gives 
them their puffy layers. 


me)ean li aremuats 
eS aig= 
Grains of dust clump 
together at the centre 
of the young world, 
known as a protoplanet, 
to form a core. 


showed that the average stars in the galaxy are 
closely orbited by a couple of rocky planets more 
massive than Earth with thin atmospheres. 

“What Kepler pointed out was the inner part of the 
Solar System is just plain missing,” says Laughlin, 
who also notes that giant gas planets in other 
planetary systems are often just one-tenth of the 
distance between Mercury to the Sun. “That really 
got us thinking about how the formation of Jupiter 
and how the Grand Tack could perhaps have cleared 
out the inner Solar System. The idea is that if our 
Solar System was like others, then we should have 
had a number of super-Earths in a short period of 
orbit.” But if this was the case, then they would have 
to explain where these super-Earths had gone. 

Batygin and Laughlin proposed that super-Earths 
were created before Jupiter migrated forward. “The 
earliest phase would have been a rapid formation of 
super-Earth planets,” asserts Laughlin. “They would 
have had access to a lot of material because the 
surface densities are high, and because they had a 
short period of orbit which means it doesn't take 
long for them to go around the star, they would have 
formed quickly." 

When Jupiter set off towards the Sun as proposed 
in the Grand Tack Hypothesis, Batygin and Laughlin 
say it forced the super-Earths into overlapping orbits. 
This caused them to collide and break up, and it 
meant, as Laughlin explains, that the super-Earths 
were “thwarted at their first attempt by Jupiter's 
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Planetary scatter 
Some of the gas giants 
scatter and, due to 
their sheer size, accrete 
yaar) alarm ess el 
and embryos. 


Collecting gas 
The protoplanet sweeps 
out a wide gap from the 
disk, feeding on the gas 
that it draws onto itself. 


Atmosphere 
Jupiter's upper atmosphere is 
mostly molecular hydrogen 
and helium both of 
Valea e-]\Com dal-mce)san 
of a gas. 


Me [Ue Manse) 

Temperatures are hot enough here to 
turn hydrogen in the gas giant's lower 
atmosphere into a metallic liquid - also 
the source of the planet's magnetic field. 
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Core 

Jupiter's rocky centre is 
believed to be 10 to 15 
Earth masses, super-hot 
and highly pressurised. 


Liquid hydrogen and helium 
The pressure drops closer to the 
outer edge of the gas giant, which 
leaves the hydrogen and helium in 
a liquid state. 








Jupiter: planet killer 


inward migration”. It also put the gas giant in an orbit 
typical of many other planetary systems. “Jupiter 
would have triggered this collisional cascade in 
which all of the bodies that were trying to form in 
the region where Earth is now would have started 
colliding, bashing each other up and fragmenting,” 
continues Laughlin. 

The effect of this was to push the debris of the 
super-Earths into the Sun as it spiralled down under 
gas drag which cleared out the region between the 
Sun and Mercury, accounting for why there is very 
little debris there. If proven, this theory will help 
explain why the Solar System became so unlike 
scores of other planetary systems and why the 
terrestrial planets we have today are so much smaller. 
It allowed a first generation of planets to be destroyed 
and allowed for a second wave of smaller, mass- 
depleted replacements. 

“A sort of unrealised consequence of the Grand 
Tack is that it would have acted as a wrecking ball 
and screwed up the configuration of planets that 
was originally there,” says Laughlin on the theory. 
“Then Jupiter and Saturn moved outward once they 
were caught in resonance and eventually the Earth 
and the other terrestrial planets formed out of the 
debris that was left from Jupiter's kind of inward and 
outward movement.” 

He says this is why the terrestrial planets are 
younger than the giant gas planets. They were only 
able to form once Jupiter had smashed the previous 
planetary bodies out of the way. “It points towards 
a framework where we can understand the effect 
that the terrestrial planets are younger than the 
giant planets even though they should have had 
the advantages to get a head start through access to 
material on the one hand and especially fast-running 
dynamical clocks on the other hand,” says Laughlin. 

It makes for a rather odd Solar System and it 
shows the disruption that Jupiter managed to cause 
so early on. “The indication that we're giving so far is 
that the Solar System has some curious and unusual 
features,” explains Laughlin. 

“A giant planet like Jupiter in a near circular orbit 
is not something that happens in every Solar System 


According to the Grand Tack 
Hypothesis, Jupiter's migration 
across the Solar System robbed 
Mars of its chance to fully develop 


Observations by the Kepler space 
telescope show that many gas 
giants in other solar systems orbit 
much closer to their parent stars 
than Jupiter does 


and, in fact, it is something that happens in probably 
just a couple of per cent of solar systems. A total lack 
of anything inside Mercury's orbit is very unusual 
and it could well be that because the terrestrial 
planets formed later they didn't have access to the 
gas-rich nebula that they would have had if they had 
formed in the normal course of events. 

“That could mean that planets with solid surfaces 
and atmospheric pressures similar to our own 
might be relatively rare. Now that's a speculation, 
but I think it's okay to make speculations that point 
towards cautious, conservative, less-than-exciting 
interpretations because there is just an abundance of 
wide-eyed speculation about life on other planets and 
so forth so the fact our Solar System gives a more 
sobering extrapolation I think is okay to make that." 

Even so, Morbidelli is unconvinced that super- 
Earths did exist in the Solar System. He considers 





Batygin and Laughlin's work to be young, with 
aspects that still need investigating. He says the 
protoplanetary disks have an inner edge beyond 
which planets could not go. “There are forces which 
retain the planets at the edge,” he says, “and these 
forces will push against the dust.” For that reason, 
they could not migrate into the Sun. There are also 
those who refute the Grand Tack Hypothesis, and if it 
Was proven it would have huge ramifications. 

“It would make the Solar System special again,” 
says Morbidelli. “It would show that we are really 
here because of a sequence of specific events and it is 
obvious this does not happen all the time. If Jupiter 
had migrated later, for instance, then we would not 
be here because Earth could have been the size of 
Mars. Don't get me wrong, I'm not saying it is unique 
and we have had the hand of God to make it but it's a 
sequence of events that is not most frequent.” @ 








www.spaceanswers.com 


Jupiter: planet killer 


=a) 








Timeline of events: How the king killed planets 


Jupiter's possible migration in and out of the Solar System would have had a major long-lasting effect 


O years 

Jupiter forms 

In the early Solar System, thick gas and dust 
orbited the Sun in the protoplanetary disk. Jupiter 
was first to form within the protoplanetary disk at a 
distance of 3.5 Astronomical Units (AU). 


70,000 years 

A major attraction 

Jupiter accretes gas from the disk, allowing it to 
become a gas giant. A massive gap opens in the 
disk and the planet then began to migrate inwards 
towards the Sun. 


80,000 years 

Super-Earths smashed 

One theory claims Jupiter collided with super- 
Earths, formed close to the Sun. Debris spiralled 
into the Sun although sufficient material was left 
behind to form the terrestrial planets we see today. 


100,000 years 

Saturn forms 

Saturn formed before Jupiter's migration at 4.5AU. 
When close to its current mass, its gravitational 
interaction with the gaseous component of the 
protoplanetary disk made it migrate inwards too. 


120,000 years 

The gas giants get close 

As it was pulled in by gas cloud currents, Saturn 
got close to Jupiter. The planets entered an orbital 
resonance with each other. For every two orbits of 
the Sun Saturn made, Jupiter made three. 


300,000 years 

Outward migration 

At this stage, Jupiter had settled at 1.5AU, the 
same orbit that Mars now occupies. Jupiter tacked, 
meaning its migration reversed. Both it and Saturn 
began migrating outwards, away from the Sun. 


500,000 years 

Sweeping up asteroids 

As the planets migrated outwards, Jupiter swept 
aside 15 per cent of asteroids it met, as it had on its 
way in. This explains why there are two classes of 
asteroid and the asteroid belt mass deficit. 


600,000 years 

Jupiter settles 

Jupiter settled on the orbit it now occupies at 
5.5AU as outward migration slowed and the disk 
ran out of gas. Uranus and Neptune were caught in 
resonance. The planets had obtained full masses. 


! comets (water) 
@s6e@ > GOSS O8808 @: SSSSeeseeeseossesTesess 





asteroids (rock) 
eooogeooeoeq00000ee00009 






Zz 









FT o%e > o%e eo” ve yy | $99 9SO9SOS8SRONSE500N00 


sects 


e.ee Scotee 


A e%e d o%e eo” ve ») | @eoecccooocoooocoococce 


a @ 





oF «ooo co oo o> . 





3 os ° ; oe ° 


209 © 


8 AU 


the Sun 2 AU 4 AU 10 AU 


@ Tobias Roetsch; Alamy; Nicholas Forder; NASA; freepik.com 


The evidence 


Mars is smaller than expected 
When the Sun's protoplanetary disk 

is Simulated on a computer, it shows 
Mars as larger than it is due to a greater 
level of mass near the planet's orbit. 
The Grand Tack Hypothesis supposes 
Jupiter absorbed much of this mass. 
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The asteroid belt's object mix 
The existence of icy objects and dry, 
rocky objects within the asteroid belt 
has challenged astronomers. The Grand 
Tack claims Jupiter's outward migration 
pushed the belt in, and deflected icy 
objects toward the Sun. 


Earth has the “right” amount 
of water on its surface 

The classical model of the Solar 
System's formation shows Earth with 
too much or too little water. The Grand 
Tack supposes C-type, icy asteroids 
were the source of water. 


The asteroid belt doesn't have 
as much mass as it should 

The expected mass of the asteroid 

belt is higher than it actually is. When 
Jupiter is thought to have drifted into 
the asteroid belt and back out again, it 
reduced the mass to the current level. 
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They occur in Ou 
NORTE SAC aH 


The innermost planets, Mercury and Venus, can be 
seen from Earth to transit the face of the Sun. They 
are close enough to be seen as a black dot against 
the bright solar surface. The next transit of Mercury 
is on 9 May 2016, while the next transit of Venus 
isn't until 10 December 2117. 


WUiliecemehoem re 
find new worlds 


A transit happens when a planet passes across the 
face of its star. Scientists can detect exoplanets by 
watching for the dip in light that they cause when 
they transit. The bigger the planet, the more light 

it blocks from its star. A Jupiter-sized planet might 
block one per cent of the star’s light, but an Earth- 
sized planet blocks just 0.01 per cent. 
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They reveal 
alien planet 
atmospheres 


When an exoplanet transit occurs, its star's light 
shines through the thin layer of the planet's 
atmosphere, if it has one. The light is then absorbed 
by atmospheric molecules at wavelengths that tell 
us which gases are in the alien world’s atmosphere. 


The transit method has 
helped us to find planets 
beyond our Solar System 
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The dip in light from a transit is recorded on a 

graph called a light curve. A round planet has a very 
distinctive graphical signature. Scientists have seen 
different light curves for objects such as a planet 
with rings like Saturn, or large comets with tails that 
have transited their stars. 


They've helped 
ustomake | 
many discoveries 


The first-ever exoplanet transit was detected in 1999, 
from a planet around a Sun-like star. Since then, 
1,226 out of 1,975 confirmed exoplanets have been 
detected by using their transits, while Kepler has 
found over 3,000 candidate transiting planets. 
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Hundreds of billions of dollars 
have been spent on space 
exploration, All About Space 
uncovers what we got in return 


Written by Laura Mears 
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Space 
SL 
materials 
rents rig e rd 


The launchpad fire disaster that killed the 
three crewmembers of Apollo 1 triggered 
an intense period of investigation into new 
flame-retardant materials for space suits 
and vehicles to protect the future Apollo 
astronauts. This new technology rapidly 
} made its way into industry and 

into the suits of firefighters, 
soldiers and racing car 
drivers. 
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What has NASA done for you? 





Space exploration is expensive. The Soviet Union This phenomenal investment won America the Space and the mind-blowing photographs, NASA spin off 
kick-started the Space Race in 1957 when they Race, and has completely changed our understanding products have been taking space technology and 
placed the first ever artificial satellite into orbit: of the universe, but with NASA currently operating adapting it to solve everyday problems. One of the 
according to NASA historians, the beachball-sized on a budget of around $18 billion dollars a year, and most notable is memory foam, developed at the 
Sputnik 1 caused a “full-scale crisis”. The idea of estimated to have spent at least $500 billion (£326 Ames Research Center in 1966 to protect aircraft 
falling behind with technology in the middle of the billion) in the last 57 years, what it mean for average pilots and passengers in the event of a crash. It 
Cold War frightened the American public, and the people? What has NASA done for us? is now a household item, used in sports helmets, 
US government responded with heavy investment. The obvious answers would involve satellites, protective clothing, high-end mattresses and 

By the end of 1958, NASA had been formed. Over weather monitoring, communications, navigation prosthetic limbs. But there have been more than 
the next decade, the government would pour more and aeroplane travel, but even the Apollo missions, thousands of others. 

than $25 billion dollars (£16 billion) into the space the Space Shuttle programme, and the exploration of The Mercury missions, which took American 
programme to ensure that the first man on the Moon Mars have benefitted the general public. When NASA astronauts into orbit around Earth for the first time, 
was American, and in the decades that followed, was formed, part of the conditions of its funding brought innovations in waste disposal. The Gemini 
hundreds of billions of dollars would be spent included a requirement to share new advancements missions, which developed the technology required 
pushing the boundaries of science and technology. with industry, and behind the dramatic launches for the Moonshot, inspired anti-glare coatings for 


television screens and computer monitors, equipment 


i to measure patient oxygen and carbon dioxide 
The heat shielding used Of) the Ap ollo levels, and advances in oil mining technologies. 
And, the Apollo programme itself spawned dozens 


Sp acecraf ( WadS adapted to develop of new ideas. The heat shielding technology used to 


protect the Apollo spacecraft was adapted to develop 


paints and f OdIT1S to prote Ct aircraf t paints and foams to protect aircraft, and later used 
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eR Real 
rollercoasters 


The 1968 computer program, NASTRAN, was 
originally written to help NASA engineers design 
spacecraft, but it was released to the public in 
1971 and has since been used for a number 
of different applications. It's ability to 
test elastic properties of structures 
made it perfect for modelling car 


suspension, bridges and even De an oat Space 
rollercoasters. a et E 
ae L Eta 1] 
ale ee. robots could 
Rass an Vee phil Ce ee te 
Ne fe aia | & Working with General Motors, NASA have 
=, we" | “Fa ) been developing Robonaut 2 (R2): a robotic 
4, - , hy ) ISS crew member. It is being designed to be 
-_ able to work safely alongside people both 
in space and on Earth. Not only could the 
technology have uses on the ground in 
safer manufacturing, but associated 
products, like exoskeletons 


and gloves, could have 
medical uses. 
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war zones 


The PackBot Tactical Mobile Robot 
was developed by iRobot Inc engineers 
and inspired by a prototype Mars rover. 

It accompanies US troops in Iraq and 
Afghanistan, using tracks to climb over 
rugged terrain. It has a pair of flippers 
that allow it to climb stairs and to 
flip itself over if it is knocked 
on the battlefield. 
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to create layers of insulation inside public buildings. 
The materials slow the rate of fire damage, allowing 
people more time to get out before buildings collapse. 

The digital image processing software developed 
to allow Apollo astronauts to land safely on the Moon 
was later used as the basis for the first of the Landsat 
satellites. Together, this series of satellites have been 
capturing images of the Earth for over 30 years, 
tracking changes in the landscape, the environment 
and the atmosphere. More recently, the images have 
been made easily accessible via Google Earth. 

The Apollo digital image processing technology 
was also famously used in MRI scanners, although 
NASA had nothing to do with actually inventing 
the medical equipment itself. Freeze-drying 
techniques used to preserve space food passed 
over into industry, and so too did water purification 
technology. And the materials developed to protect 
Apollo astronauts in space and on the surface of the 
Moon also found their way into everyday life. 

Sports shoes have been made using the techniques 
behind space boots, and the lightweight, moisture- 
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What has NASA done for you? 





resistant fibreglass designed for use in spacesuits was 
used to build the first retractable cover at a National 
Football League (NFL) stadium. It was strong, but still 
allowed enough light through to reach the grass on 
the pitch below. The Apollo life support systems were 
adapted to form the basis for breathing apparatus 
to protect firefighters from smoke inhalation, and 
the suit cooling systems, designed to make the 
astronauts more comfortable, were adapted for 
emergency service and medical use. 

Even the computer program designed to minimise 
the power usage of a portable Moon drill found 
its way back down to Earth, and was later used to 
create the iconic 1980s cordless vacuum cleaner, 
the Black and Decker Dustbuster. After this flurry of 
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NASA's new Orion spacecraft has only 
made it off the launchpad for a test flight, 
but it is already sparked a number of spin 

off technologies. The company behind 

Orion's life support have adapted the 

same systems for use by divers 
working in extreme and 
dangerous environments, 
like toxic spills. 
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Infrared satellite imaging technology, 
developed at the Jet Propulsion Lab in 
California for the Infrared Astronomical 

Satellite was originally designed to measure 
the temperature of distant stars. In 
1991, it was transformed into a 
thermometer that could measure 
body temperature using 
infrared light. 


innovation, NASA set up their Skylab in the 1970s 

- Skylab was the first American space station. This 
allowed experiments to be conducted in orbit around 
the Earth. 

Innovations sparked by the Skylab included new 
techniques for helping newborn babies to breathe, 
computerised solar water heaters, and self-powering 
signs that glowed without the need for electricity. 
These self-powering signs are now used to light the 
Way in emergencies. 

The Space Race ended in 1975 when the United 
States and the Soviet Union teamed up to dock a 
NASA Apollo command module to a Soviet Soyuz 
7K-TM. Investment slowed, but it marked a new era 
in international space exploration, and innovations 


“The Apollo life support systems were 


adapted to form the basis for breathing 
apparatus to protect firefighters” 


27 


What has NASA done for yo 


continued to pour out. Since 1976, NASA have been 
keeping track of the best innovations in a magazine 
known as ‘Spinoff’. 


The Space Shuttle missions began in 1981, and 


required another vast financial investment. A single i great deal oi space-inspired Innovations 


Space Shuttle launch cost an average of $450 million can be found in wolule city and even at home 
dollars (£293 million), and each of the 130 or so 


flights set the space agency back around $1.5 billion Manufacturing B 
dollars (£0.9 million). With this spending came Dyan eee eene re 
another wave of innovation and, according to NASA, Improved welding 
over 100 technology spin-offs. The visors developed Power plant design 
for the astronauts on the Space Shuttle program Smokestack monitors 
inspired scratch-resistant reading glasses, and an Rapid prototyping 
iodine-based purification system designed to recycle Chemical detection 
water was adapted for use in disaster relief efforts. MSR eR ELC NY 
LED panels designed to grow plants on board the Ee 
shuttles have been adapted for medical uses, Space . ee 
Shuttle shock absorber technology is now being used 

to protect buildings against earthquakes, and imaging 

technology developed to measure surface damage 

on the shuttles can capture and analyse pictures of 7 

crime-scene evidence. 

At the same time, other NASA projects were 
also making a difference in the wider world. In 
1985, grooved surfaces that NASA had developed 
to reduce slipping on runways was adapted for use 
on steps and in car parks to protect pedestrians in 
the wet. And, later in the same decade, technology 
used by NASA satellites to study the ozone layer 
Was repurposed to create lasers capable of breaking 
down blockages in human arteries. In 1990, NASA 
launched another major mission: the $2.5-billion- 
dollar (£1.6-billion) Hubble Space Telescope. It had 
an unnoticed fault in its optics and required a heroic 
(and expensive) repair in order to function properly, 
but since then it has more than made up for its cost. 

Not only has Hubble provided an incredible 
window out on to the galaxy, its advanced optics and 
imaging technologies have inspired other industries, 
providing the basis for improved microsurgery 
techniques and tumour biopsies, and advancements 
in the manufacture of semiconductors. 

The Hubble Space Telescope was followed in 1993 
by one of the biggest contributors to scientific and 
technological advancements made in space - the 
International Space Station. This orbiting laboratory 
has been permanently occupied by teams of 
astronauts and cosmonauts since 2000, and over the 
course of its lifespan, it has racked up a bill in excess 
of $100 billion (£6.5 billion) - although NASA is only 
responsible in part. 

The microgravity environment on the Space 
Station allows unique experiments to be conducted, 
and data has been gathered in a vast number of 
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® Household 





Ingestible toothpaste 
fields, from materials science, to biology, to robotics. Cosmetics 
Superconductors and nanomaterials have been tested Memory metal alloys 
on the station, plants and animals have been studied, Environmentally safe sewage treatment 
and the human body has been monitored. Thanks Polished brass finish 
to the International Space Station, we now have a Memory foam mattresses 
robotic arm that can perform surgery inside a MRI mai le rr 
scanner, a new method of delivering cancer-fighting BT eee 
Water softeners Search and rescue at sea 


drugs, and even some high-performance golf clubs. 
The technology used to build the Station itself, Sain ee Mee cal keen 

and the equipment on board, has also been useful ACHE NET CeCNeckar aati 

back on Earth. The imaging software designed to Oceanic monitoring 

help robots to assemble the Space Station is now Pollution remediation 

used to analyse the damage to crash test dummies, Dam corrosion control and bridge support 


Flood monitoring 
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Shock-absorbing athletic shoes 
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Plasma displays 
Protective padding 
Golf equipment 
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Fire-resistant reinforcement 
Video enhancing and analysis systems 
Fire sensors 
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- ® Automotive 


Truck design 

Highway safety 
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Car chassis and brake systems 
Advanced lubricants 
Improved radial tyres 

Cleaner burning cars 


® Medical 
Light-Emitting Diodes (LEDs) 
ER infrared ear thermometers 
Automatic insulin pumps 
Artificial limbs 
Clean room apparel 
Precision dialysis pumps and fibres 
Invisible braces 
Diamond coatings: artificial hip joints 
Corneal refractive therapy 
Ventricular assist device 
Dental waterline purification cartridge 
Gait analysis system 






® Air travel 


Collision avoidance systems 

Clean-burning engines 

Nitrogen oxide reduction 

Anti-icing systems 

Optics for high-speed ticket processing 

Virtual biofeedback training 
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Cabin pressure devices o 
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Voltage controllers 
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helping to improve safety in cars, and hand-held 
warning-systems designed to detect falling pressure 
in parts of the station are now used to monitor 

cabin pressure on planes. Back on the ground, NASA 
continued to pioneer research in other areas. A major 
focus throughout its history has been understanding 
contamination and developing clean rooms within 
which to assemble spacecraft. These innovations 
have since found their way into medicine, 
manufacturing and industry. 

NASA technology developed to measure the 
airflow in wind tunnels is now used to monitor the 
polluting emissions from industrial smokestacks, 
and colour-changing optical fibres designed to detect 
dangerous chemicals on aircraft are now being 
used as a warning system for industrial accidents or 
chemical warfare. 

Precision GPS designed to test Einstein's theory 
of relativity is being used to drive remote-controlled 
tractors, and supercomputers normally used to 
analyse the flow of fuel in rocket engines have 
been used to design a device that can keep blood 
flowing through the body whilst a patient waits for 
a transplant. Even excess rocket fuel has found a 
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use, providing the basis for ‘Demining Device Flares’, 


which destroy landmines by burning away the 
explosives inside. 

NASA have made significant technological 
advancements that have had a real impact on 
the everyday lives of people across the world. 

They continue to push the boundaries of human 
achievement, including pioneering ambitious and 
expensive missions to explore our potentially 
habitable neighbour, Mars. 

The 1997 Mars Pathfinder mission along with the 
2011 Curiosity rover set the American space agency 
back by billions of dollars, but the scientific and 
technological advancements made along the way 
have been huge - and they don't stop here. 

The technology used to weave the tough 
Pathfinder parachutes has been used to make 


stab and impact resistant vests, and the Mars 

rovers themselves have been adapted to create 
reconnaissance robots to seek out explosive devices 
in war zones. These military rovers can climb steep 
slopes, function under water and even navigate stairs. 

Technology designed to search for water on Mars 
has been adapted for use on aircraft, allowing them 
to detect water in the air for weather forecasting, and 
technology developed to search for life on Mars is 
being used to monitor for biological threats. 

Mineral analysers are being used in 
pharmaceuticals and forensics, and the techniques 
used to develop new methods of growing plants 
in space and on Mars are being adapted for use in 
other biological experiments, like drug development. 
The Mars rovers have revealed a planet that could 
be habitable by humans, and that could even be 


"If we refuse to take steps because we 
don't see what the future holds, we're 
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Shock absorbers designed for use during 
the launch of NASA's Space Shuttle missions 
formed the basis for technology that now 
protects more than 500 buildings in 
earthquake-prone areas across the 
world. Known as ‘fluidic dampers’, 
the shock absorbers contain oil 
to absorb the impact. 
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The Apollo heat shielding was specifically 
designed to burn as it reentered the 
atmosphere, forming a protective layer 
around the craft. NASA-funded research 
to apply this technology elsewhere. An 
adapted version has been used to 
coat steel frames supporting 
large buildings. 
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home to extraterrestrial life, and the technology being 
prepared for the next phases of exploration is already 
set to have important uses back on Earth. 

By 2012, nearly 1,800 different NASA spin-off 
products had already been catalogued, and this is just 
the tip of the iceberg. NASA have inspired scientists, 
engineers, thinkers, inventors and entrepreneurs, 
and their innovations and scientific advancements 
contribute to a growing base of human knowledge 
that will form the platform for advances that we can't 
even dream about today. NASA may be expensive, but 
speaking in 1974, science fiction writer and scientist, 
Isaac Asimov, explained the core of the argument, “If 
we refuse to take those steps because we don't see what 
the future holds, all we're making certain of is that the 
future won't exist” 

At its inception in 1958, no-one could have predicted 
the impact that the american space agency would have 
on space exploration or on science and technology 
as a whole, but looking back over the last 50 years it 
becomes clear. When asked what is the good of NASA, 
Isaac Asimov replied, “the proper answer is: you may 
never know, but your grandchildren will", and that's 
turning out to be absolutely true. 
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The two Viking landers were sent to the 
surface of Mars in the 1970s, and their 
parachutes needed protection on the 

journey. The stronger-than-steel fibres 
designed to protect the Viking descent 
gear were later incorporated into car 

tyres by Goodyear, extending 
their lifespan by thousands 
mse 
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for the Hubble Space Telescope was adapted, 
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in collaboration with the US Olympic 
Committee, to develop a sharpening tool 
for ice skate blades. The sharp skates 
outperformed traditional versions, and 
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Xx Tang (drink) 

X Velcro 

x Teflon 

x Barcodes 

X¥ Quartz clocks 

X¥ Smoke detectors 
X Cordless power tools 
X MRI scanners 

X Microchips 
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Ni! Neer Space witnesses the powerful, catastrophic 
explosions that mark the end of a stellar life 
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Look down at your hands. It is likely that you can 
make out the intricate network of vessels carrying 
blood around your body. It is also possible that you 
are wearing some form of jewellery, a ring, bracelet 
or watch made from gold, silver or platinum perhaps. 
What do these things have in common? The unlikely 
answer is that without exploding stars - supernovae 
- none of them would exist on Earth. Those precious 
metals, along with the iron ferrying oxygen around 
inside you, were all forged during the death throes of 
a very big star. 

Compared with us mere humans, stars live 
incredibly long lives. Even those that die youngest 
manage to eke out an existence that can last for 
hundreds of millions of years. For most of its days, a 
Star is very stable. There's gravity acting inwards and 
trying to compress the star, along with the outward 
pressure caused by energy production via nuclear 
fusion in the core. Fusion is the process of combining 
lighter elements into heavier ones, with energy as a 


by-product. In our Sun, for example, over 600 million 
tons of hydrogen is converted into helium each 
second. For millions, and sometimes billions, of years 
these two opposing forces neatly balance, keeping 
the status quo. However, fusion cannot continue 
forever. Eventually the star runs out of hydrogen in 
the core. “That’s when things start to go wrong,” says 
Dr Joanne Pledger, a supernova researcher at the 
Jeremiah Horrocks Institute, part of the University of 
Central Lancashire. “Gravity wins,” she says. 

The core begins to collapse, raising the 
temperature and leading to a temporary reprieve. It 
is now hot enough for helium to fuse into carbon. 
However, helium fusion creates more energy than 
hydrogen fusion and so the balance is upset once 
again, this time in favour of the outwards force. The 
Star's outer layers begin to surge outward. For stars 
like the Sun, astronomers call this new beast a red 
giant. For even bigger stars it becomes known as a 
red supergiant. 


“The star's core gets to a point where it 
cannot collapse any more. It rebounds 
on itself, producing a shockwave" 
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For red giants this is the end of the road. The star 
shakes itself apart and becomes a beautiful planetary 
nebulae, leaving behind a white dwarf star at its 
heart. Yet for red supergiants there is much more to 
come. Heavier and heavier elements are consumed 
in the core, each in turn shoring up the star from 
collapse. A cross-section of the star resembles a giant 
onion, with layers of hydrogen, helium, carbon, neon, 
oxygen and silicon. Eventually the temperature 
reaches 3 billion degrees Kelvin and for one solitary 
day the star can turn silicon into iron. But there the 
process must stop. “Iron's atomic structure means 
that in order to keep the process going you have to 
put more energy in than you get out,” says Pledger. 
“It's just not self-sustaining.” 

The sudden loss of energy causes the core to 
collapse once more. Meanwhile, now unsupported, 
much of the star's outer material begins to collapse 
inwards too, and at a significant fraction of the 
speed of light. Eventually the core gets to a point 
where it cannot collapse any more. “It rebounds on 
itself, producing a shockwave," says Pledger. As that 
shockwave hits the in-falling material it rockets it 
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The ways stars die 


The two most famous types of supernova are Type Ja and Type II - here's how they work 
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gravitational pull is able to rip 
material from its companion 
and it approaches a mass 
of 1.4 solar masses - the 
Chandrasekhar limit 


® White dwarf forms 
One star in a binary pair 
dies leaving behind a dense 
white dwarf star that's 
about the size of the Earth. 
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® Shockwave and 
supemMova 
Unable to contract 
further, the core of the 
star rebounds, sending 
a shockwave outwards 
to meet the in-rushing 
material. A spectacular 
explosion results. 


@ Fusion 
For the final 24 


hours of its existence 
the star fuses silicon 
into iron, but due to 
the stability of iron it 
cannot be fused into 
anything heavier. 
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back outwards and the star explodes as a colossal 
supernova. The core eventually turns into a neutron 
star or black hole. So dense and energetic is the out- 
rushing eruption that atoms are slammed together 


and even heavier elements like gold, silver and 
platinum result. 

Over many hundreds of millions of years this 
material continues to spread its way through space, 
mixing with the ejecta from other dead stars to form 
giant interstellar clouds. Eventually, gravity will 
collapse these clouds down to form brand new stars 
and infant planets orbiting around them. That's how 
the heavy elements that you're likely to find when 
looking down at your hands ended up here on Earth. 
Without supernova explosions, the oxygen and iron 
created during a star's final days and months would 


not have made it across the galaxy to end up in your 
bloodstream. Supernovae are the bringers of life. 

But, be warned, they also have the potential to take 
it away. During a supernova, vast amounts of gamma 
rays are produced. Should the supernova explode 
close enough to us, this radiation could have a 
catastrophic effect on Earthly life. The energy would 
act to deplete the ozone layer - our protective bubble 
from harmful UV radiation from space. Rates of skin 
cancer would likely soar. Perhaps, more worryingly, 
such an event would also strike right at the base of 
the food chain. “There are certain types of plankton 
in the ocean which will die if they get too much UV 
radiation,” says Pledger. Considering that 50 per cent 
of our oxygen comes from photosynthesising marine 
microbes, that's a significant blow. 


Fortunately, studies have shown that a star would 
have to be within around 25 light years in order to 
knock out half of our ozone layer. So it is reassuring, 
then, that the nearest star currently predicted to go 
supernova is Spica in the constellation of Virgo. At 
250 light years distant, perhaps we can all breathe a 
little easier. Along with Spica, another famous star set 
to go supernova is Betelgeuse in the constellation of 
Orion. Over 600 light years away, and already in its 
red supergiant phase, it could go bang any day now. 
Should it do so in our lifetimes, it would certainly 
put on quite a show. For a brief period, a supernova 
can shine as bright as the other hundreds of billions 
of stars in a galaxy combined. The searing light from 
Betelgeuse's explosion would see its brightness in our 
sky climb to roughly match that of the Full Moon, 
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easily enough to spot it during the day. It would likely 
stay with us for several months, before the energy 
peters out and the star fades beyond the limits of 
human eyesight. 


It is this colossal brightness that has made 
supernovae an invaluable tool for measuring to the 
very far reaches of the cosmos, albeit a difference 
variety of supernova. The explosions we've seen so 
far are known as Type II supernovae. For measuring 
distances in the universe, astronomers turn instead 
to supernovae labelled as Type la. This kind of stellar 
detonation relies on not one star, but two. 

Astronomers believe that around 70 per cent of 
all the stars in the universe exist in pairs, making 
our solitary Sun an oddity. Imagine a scenario where 
one of the stars, too small to explode as a supernova, 
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The ringed planet will 
be no better off. Around 


The asteroids in the belt are first: 
objects you might legitimately 
argue could escape being. 
consumed. However, the edge of 
Sun would now be right on their 
door step and they would most 
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has instead formed a white dwarf. Being incredibly 
dense, and with a particularly potent gravitational 
pull, it is able to rip gas from its companion. “The 
white dwarf grows in mass and both the temperature 
and pressure in its core increase,” says Professor Mark 
Sullivan, a supernova researcher at the University 
of Southampton. This ignites the process of carbon 
burning and sets off a runaway nuclear reaction that 
leads to the star blowing itself apart - a supernova. 
What makes these explosions so useful 
for cosmologists is that there is a maximum 
mass a white dwarf can achieve. “It's called the 
Chandrasekhar mass and it’s about 1.4-times the 
mass of our Sun,” says Sullivan. Contrary to many 
popular accounts of this process, however, the star 
does not explode because it exceeds this limit. “If 


The real Sun will become a red 
: giant instead of a‘red supergiant. , 
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- chance the Earth could be 
swallowed. However, with our 
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“Fortunately, 
studies have 
shown that a star 
would have to be 
within around 25 
light years in order 
to knock out halt 
of our ozone layer” 
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Before a star goes 
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Staring into the heart of supernova explosions 


ASTRO-H will analyse 
the mechanism behind 
stellar explosions 





Project manager of ASTRO-H, Tadayuli Takahashi, due for launch next year, tells us how 
the Japanese spacecraft will help us to understand more about how stars explode 


What are the scientific goals of ASTRO-H? 
ASTRO-H will measure dynamical processes taking 
place in wide categories of objects for the first time, 
using a combination of micro-calorimeters, X-ray 
CCDs and other two instruments that cover hard 
X-ray and soft gamma-ray bands. So it will open up 
high-resolution X-ray spectroscopy. 

The mission will determine the velocity of the 
gas in clusters of galaxies and allow sensitive and 
precise measurements of how clusters grow and 
evolve. Measuring the chemical composition of the 
gas in active galaxies should allow measurements 
of the strength of the winds in these sources, which 
are predicted to be one of the main players in the 
formation of galaxies. 

Measurements of the gas in supernova remnants 
and clusters will also provide precise determination 
of how relativistic particles are accelerated. 


When it is scheduled for launch and who is 
working on the mission? 

The launch is expected in early 2016. A final launch 
date will be released by JAXA in the fall of 2015. 


“Studies of the gas in Supernova remnants 


ASTRO-H will be the only major X-ray observatory 

to be launched in the 2010-2020 decade and can 

be considered to be the forerunner for the ESA-led 

Athena mission, which uses similar technologies. 
This mission is the fourth in a series of joint 

Japanese-international X-ray missions and has major 

technical contributions from the United States, 

Europe and Canada, and scientific contributions from 

over 100 institutions. 


In terms of observational capabilities, how will 
ASTRO-H compare to existing or older X-ray 
missions, such as Chandra? 

While both Chandra and XMM had pioneering 
high-resolution spectral instruments, their limited 
spectroscopic capability for extended sources and at 
higher energies have been limiting factors. 

Due to its sub-arcsecond telescope, Chandra is 
considerably more sensitive than ASTRO-H for 
imaging studies. However, ASTRO-H is much more 
sensitive for high-resolution X-ray spectroscopy 
above 2keV for point sources and from 0.3-10keV for 
extended ones. 


and galaxy clusters will also determine 


how relativistic particles are accelerated" 
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Chandra does not cover energies above 1OkeV and 
only one instrument at a time can observe. Whereas 
ASTRO-H will be able to use all four of its co-aligned 
instruments at once, making it especially powerful. 
ASTRO-H will also have the first instrument capable 
of high spectral resolution for extended sources such 
as Supernova remnants, normal galaxies and clusters 
of galaxies. It will also have the highest resolution 
and highest sensitivity of all the spectrometers 
at energies above 2keV. This feature makes the 
SXS particularly sensitive for the measurement of 
velocities of celestial X-ray sources. 


What is new about the technology behind the 
ASTRO-H mission? 
The Soft X-ray Spectrometer instrument (SXS) on 
board ASTRO-H operates at ~0.05 degrees above 
absolute zero and detects X-ray photons via a totally 
new technique. The SXS instrument will be the first 
low temperature detector system for use in space that 
can operate without cryogens, and will pioneer this 
capability for future missions such as Athena. 

The technology behind the Soft Gamma-ray 
Detector (SGD) was proved in measurements of 
the distribution of radioactive caesium-137 in the 
environment of Fukushima. In addition to showing 
that the technology works as designed “in the field”, 
the use of the prototype camera for the SGD provided 
crucial information in understanding how the fallout 
from the 2011] nuclear accident was distributed. 
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it did it would just collapse into neutron star,” says 
Sullivan. But, any Type Ia supernova will explode 
as the mass of the white dwarf approaches the 
Chandrasekhar limit. This means that, more or 
less, every such supernova explodes with a similar 
amount of fuel - just under 1.4 solar masses. Stars 
consistently exploding with a similar amount of fuel 
are all going to share a similar brightness, and that's 
the fundamental attraction of these explosions to 
cosmologists who refer to them as “standard candles". 

So we know how bright the supernova should be, 
but as its light travels across the universe towards us 
it fades. And the further it travels the more it fades. 
That means comparing how bright the supernova 
appears to us with how bright we know it should be 
can tell us how far away it is. As these supernova 
explosions are so bright, and can outshine all the 
stars in their host galaxies, we can see them from 
very far away and astronomers can use them to 
measure the distances to those galaxies. It was 
just such an exercise that, in 1998, brought us a 
staggering realisation: that the expansion of our 
universe is getting faster. 

Two teams of astronomers had been using Type 
Ia supernovae to measure the distances to far off 
galaxies. As it takes time for the light to reach us, 
looking at light from distant galaxies actually means 
looking back in time to the era when that light first 
set off. The further the galaxy, the further back in 
time youre peering. The astronomers were also able 
to measure how fast the supernova’'s host galaxy 
Was moving away from us. When they put the two 
measurements together they found something totally 
unexpected. Everyone thought that the universe 
should be slowing down over time as the energy 
from the Big Bang fizzled out. And yet the supernova 


measurements entirely contradicted this idea - 

more distant galaxies (those representing earlier 
times) were moving away more slowly than nearer 
galaxies (those representing more recent times). The 
expansion of the universe must be speeding up. So 
crucial was this finding that the 2011 Nobel Prize 

in Physics was awarded to astronomers behind the 
discovery. We don't currently know what is pushing 
galaxies apart at an ever faster pace, but we do have a 
name for our ignorance: dark energy. 

The key to solving both the mysteries of this 
dark energy, and the inner workings of Type la 
supernovae themselves, is to find more explosions. 
“We still have a lot to understand,” says Sullivan. 

We don't know, for example, the exact nature of the 
material being transferred from the companion to 
white dwarf. Nor, in fact, do we know much about 
the companions - whether they are normal stars like 
the Sun or fellow white dwarfs. All the more reason 
to find more supernovae, and that’s an effort that has 
already begun. The Dark Energy Survey is currently 
scouring the skies from Chile, and has found 3,000 
Type Ia supernovae. Looking further into the future, 
the planned Large Synoptic Survey Telescope (LSST), 
due for completion by the end of the decade, should 
be able to find tens of thousands. 

Such numbers are good for statistical analysis to 
pin down the nature of dark energy, but if we really 
want to get to grips with how the supernovae work 
then what we really need is to study them up close. 
Fortunately nature has agreed to play ball, with two 
explosions going off relatively close to us in recent 
years - one in the Pinwheel Galaxy in 2011 (SN 
2O11fe) and one in the Cigar Galaxy last year (SN 
2014J). “They have been studied in a lot of detail and 
that will help with the modelling of events,” says 


“Type Ics were thought to be explosions 
of more massive stars, which use up 
more energy and much more helium 


5 stars due 
to explode 


Betelgeuse 

Type of star: Red supergiant 

When star will explode: next few hundred 
thousand years 

Size: 1,000 times larger than the Sun 
Distance: 643 light years 

Mass: 7.7 - 20 solar masses 








Antares 

Type of star: Red supergiant 

When star will explode: next few hundred 
thousand years 

Size: 883 times larger than the Sun 
Distance: 550 light years 

Mass: 12.4 solar masses 
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Mu Cephei 


Type of star: Red supergiant 

When star will explode: next few million years 
Size: Around 1,000 times larger than the Sun 
Distance: 6,000 light years 

Mass: 19.2 solar masses 


Rigel 

Type of star: Blue supergiant 

When star will explode: next few million years 
Size: 79 times larger than the Sun 

Distance: 860 light years 

Mass: 21 solar masses 


Eta Carinae 

Type of star: Binary star system (luminous blue 
variable & blue-white main sequence star) 
When star will explode: next few million years 
Size: 250 times larger than the Sun 

Distance: 7,500 light years 

Mass: 120 solar masses 


How stars explode 


Sullivan. The launch of ASTRO-H, an X-ray telescope 
from the Japanese Space Agency AXA), sometime 
next year should bring future supernova into even 
sharper focus (see boxout). 

Further analysis of Type Ia supernovae might 
also clear up another outstanding mystery: why 
some white dwarfs can apparently break the 
Chandrasekhar limit. The first of these so called 
“super-Chandras” - Type Ia supernovae that appear 
to have detonated with more than 1.4 solar masses 
worth of fuel - was discovered in 2006, and a 
handful of others have been found since. Due to 
their quite limited number, Sullivan is not concerned 
that they are throwing off our cosmological 
measurements, but they still represent a conceptual 
puzzle. “They illustrate a lack of our astrophysical 
knowledge,” he says. 

Our evolving understanding is further illustrated 
by two other types of explosion: Type Ib and Type 
Ic supernovae - both thought to be core-collapse 
supernovae like their Type II cousins. Supernovae 
are classified as Type I if astronomers observe no 
hydrogen in their spectra, and Type II if there is 
hydrogen present. With Type Ic supernovae, not 
only is there no hydrogen, there is no helium either. 
Type Ib supernovae are the middle ground with no 
hydrogen but some helium. “Historically, Ics were 
thought to be more massive stars which use up 
more energy and therefore have used up all of their 
helium,” says Pledger. But, she says, over the last 
decade supernova surveys have found that more 
Type Ics exist than Ibs. Given that small stars are 
common. and big stars are rarer, if the traditional 
viewpoint was right then it should really be the other 
way around. “It shows that things are not necessarily 
as straightforward as we thought," she says. 

As we move forward and study these stellar 
explosions with ever increasing scientific precision, it 
is likely that we will be able to clear up some of these 
intriguing mysteries for once and for all. What is 
certain at this point in time, however, is that without 
supernovae we wouldn't be here to ponder these 
very questions. @ 





Eta Carinae may explode as a superluminous 
supernova called a hypernova 
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Astronomy is one of the oldes 
Planet Earth Education is one of the UK’s most popular and longest serving providers of distance learning 
Astronomy courses. We pride ourselves on being accessible and flexible, offering attractively priced courses 
of the highest standards. Students may choose from five separate Astronomy courses, suitable for complete 


beginner through to GCSE and first-year university standard. 


Planet Earth Education’s courses may be started at any time of the year with students able to work at their 
own pace without deadlines. Each submitted assignment receives personal feedback from their tutor and as 
there are no classes to attend, students may study from the comfort of their own home. 


Of paramount importance to us is the one-to-one contact students have with their tutor, who is readily 
available even outside of office hours. Our popularity has grown over several years with home educators 
using our courses for the education of their own children, many of whom have obtained recognised science 
qualifications at GCSE Astronomy level. With each successfully completed Planet Earth Education course, 
students receive a certificate. 


Visit our website for a complete syllabus of each available course, along with all the necessary 
enrolment information. 
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Future Tech DARPA XS1 spaceplane 


DARPA XS1 


Spaceplane 


A secret US programme is leading the way 
in launching a winged craft into space 


While much of the press surrounding new ways of 
accessing space is focussed on Space X's reusable 
rockets, and Virgin's protracted struggles towards 
Space tourism, the USA's innovative Defense 
Advanced Research Projects Agency (DARPA) is 
quietly drawing upon the best of new and old space 
companies to bring back the spaceplane. 

DARPA’s focus is on giving the US military the 
ability to launch a satellite on very short notice, 
sending a craft up in days rather than years so 
that they can respond quickly to international 
events. However, they have selected three teams of 
companies to compete for the contract and, if they 
can meet DARPA’s goals, the programme will have 
a big effect on commercial space access. But those 
goals are by no means easy. 

Whatever the XS-1 finally looks like, DARPA 
want the vehicle to have the ability to carry 2.3 
tons of payload into low Earth orbit for less than 
$5 million (£3.2 million) per flight - a launch that 
would presently cost in the region of $55 million 
(£36 million). But it’s not just about individual launch 
cost, the XS-1 will also have to be able to launch ten 
or more times a year, and have a turn around of just 
one day between launches. In comparison, the Space 
Shuttle was a much larger vehicle, but it only ever 
managed a maximum of nine missions in one year 
in its entire programme, even with the huge cost and 
practice built up over 30 years. 

The XS-1 competition is unusual in its combination 
of established space companies and new start-ups. 
The world's largest aerospace company Boeing, 
who have contributed major components to the 
Apollo, Shuttle, and ISS programmes have paired 
with Blue Origin, a private aerospace developer 
and manufacturer founded by Amazon billionaire 
Jeff Bezos to pursue his space interests. Northop- 
Grumman, responsible for the B-2 Stealth Bomber 
and the Apollo Lunar Module has joined with 


prototype specialists and X-Prize winners Scaled 
Composites, and Richard Branson's Virgin 
Galactic. The third team is a combination of two 
Californian companies: vertical take-off/landing 
specialists Masten Space Systems, and propulsion 
and space tourism company XCOR Aerospace. 

The XS-1 system will actually be two vehicles: a 
reusable booster stage that will be able to achieve 
suborbital altitudes and speeds of up to Mach 10 and 
an expendable upper stage, which will then 
take the payload the rest of the way into orbit. 
While the challenge doesn't specifically require 
wings, all three entries have settled on a spaceplane 
approach. Similarly it is inferred that Boeing and 
Northrop-Grumman are plumping for air launching 
the XS-1 from a large aeroplane - but that Masten/ 
XCOR will go for a ground-based vertical launch 
with winged recovery. 

Engine systems are also likely to vary, Boeing's 
X37b unpiloted minishuttle run by the US Air Force 
is the closest thing existing to the XS-1 and runs on 
hydrogen peroxide and kerosene. But Blue Origin 
is making a big business of its engines that run on 
liquid oxygen (LOX) with liquid methane. XCOR has 
experience of LOX with hydrogen, kerosene and 
methane, and Virgin has developed LOX/kerosene 
engines for its LauncherOne programme. One thing 
that almost certainly won't feature is a hybrid engine, 
where one propellant is solid and one liquid; though 
hybrids powered Scaled’s SpaceShipOne to win 
the X-Prize and are the engines used on Virgin's 
SpaceShipTwo, their developmental challenges have 
been a major contributor to the delay in Virgin's 
commercial space flights. 

DARPA has a reputation for achieving amazing 
results and are often seen as the true successor to 
the NASA spirit of the 1960s - so while it may not 
grab the headlines, the XS-1 might be the space 
programme we've been looking for. 


“The XS-1 system will be two vehicles: a 
reusable booster to achieve suborbital 
altitudes, and an expendable upper 
Stage to carry the payload into orbit” 
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Rocket engines 

The XS-1 will be rocket powered 

- given the experience of the 
companies involved, the engines 
will probably use liquid oxygen 
with either methane or kerosene. 













XS-1 first stage 

Bir Cw ES Ec Reelin 
a winged first stage capable 
of reaching ten times 

the speed of sound and 
touching the edge of space. 


Autonomous flight ® 
The XS-1 will be unpiloted. 
Not having to fit a 
human on board reduces 
complexity and saves 
Significant weight. 


Runway landing @ 
A key requirement for DARPA is 
rapid reusability, space capsules 
are simpler but a craft that 
lands like an aeroplane is easier 
to turn around and prepare for 
another flight. 


Upper stage 

The reusable first stage will 
carry a disposable second 
stage that will ignite when the 
XS-1 reaches space and power 
the payload on into orbit. 
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DARPA XS-1 spaceplane 


Sub-orbit 

The winged XS-1 first stage will be 
able to reach space by itself, and 
pass the internationally recognised 
100-kilometre (62-mile) boundary, 
but not reach orbit. 


Payload 
The most likely 
payload for the 
Oeil aA 
be dedicated 

. reconnaissance 

. satellites, launched 

in response to 
world events. 









Orbit 

To actually go 

into space and 
iF Vad al=)cBOLE 

not only have to 
achieve the height, 
but also reach a 
speed of more 
than 7.8km/s 
(4.8mi/s). 
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How high can I jump on other worlds? 





How high 


can I jump on 
other worlds? 


You've seen astronauts skip on the Moon, but what is low 
gravity like and how high could we leap on alien surfaces? 


When watching films of the Apollo astronauts 
exploring the lunar surface, possibly the most 
striking thing is how they move in the lower lunar 
gravity. We're quite used to seeing people working in 
microgravity conditions, whether on the International 
Space Station or experimental aeroplanes, but only 
12 people have ever properly felt that curious low 
gravity of the Moon. 

Gravity is the force that occurs between any 
objects with mass, and the Moon has one-sixth 
the gravity of Earth because it has only one-sixth 
the mass of our planet. With less gravity, we get a 
combination of effects - friction between surfaces 
(like between shoes and the ground) depends on the 
force pushing the surfaces together, so less gravity 
means slippery shoes. This tendency to slip, and the 
physical restrictions of spacesuits, led the Apollo 
astronauts to develop their characteristic skip, which 
showed off the low gravity by how high they were 
skipping. So, given a suitable lunar base with enough 
room, how high could you jump on the Moon? 


These jump heights are estimates based on 
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Jupiter 

Surface gravity: 2.52 

If you could stand on Jupiter, it would 
be hard to jump at all. At more than 
double Earth's gravity, just lying down 
would feel like a Space Shuttle launch. 
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Kepler 442b 


Surface gravity: 1.3g 

This habitable exoplanet is over 1,000 
light years away. It is about 33 per cent 
larger than Earth and over double its 
mass - jumping would be a struggle. 





Earth 


Surface gravity: 1g 

60 centimetres (two feet) is a 
reasonably average jump on our home 
planet without going into the high jump 
techniques used by athletes. 


Venus 


Surface gravity: 0.9¢ 

The hellish ground conditions of Venus 
mean that if any jumping ever happens 
it will have to be in balloon cities in the 
upper atmosphere. 
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Everyone jumps differently of course, but 
anywhere around 60 centimetres (two feet) is 
an average jump without getting into high jump 
techniques. Leap height depends on how fast your 
body can push you upwards, and for the same set 
of legs on different planets that depends on how 
strong gravity is. 

On the Moon, you would be able to jump six times 


How high can I jump on other worlds? 


on the surface of Venus due to the 400-degree- 
Celsius (752-degree-Fahrenheit) temperature and an 
atmospheric pressure 92 times that on our planet. If 
we do reach Venus, you will have to do your jumping 
in surprisingly feasible balloon supported bases 
floating 50 kilometres (31 miles) above the surface. 

Occasionally people refer to your equivalent weight 
on Jupiter, but the absence of a ground surface on 





Low gravity sports 
As settlements develop on the Moon, people 

are inevitably going to be interested in starting 
sporting events there. A lunar swimming pool 
will probably be one of the later things to arrive, 
but the low lunar gravity will affect every sport. 





Gymnasts would be higher flying and ball sports 
will need serious re-engineering to keep the pitch 
a reasonable size. The first lunar Olympics are 
going to be spectacular! 


gas giants such as Jupiter means gravity varies 
greatly throughout the planet. The mass of Jupiter 
is 318 times that of Earth’s, suggesting that if you 
did manage to find a floor you would probably be 
squashed flat due to atmospheric pressure. 

But for the most spectacular experience, it’s back 
to the Moon base, this time in the pool. Not only 
would low gravity make waves bigger and splashes 
larger, but even average swimmers could easily 
perform dolphin jumps out of the water. Experienced 
monofin swimmers can already jump a metre (3.3 
feet) above the water on Earth, so in a lunar pool 
they might even be able to high dive in reverse. @ 


higher than you can right now - if you can manage 
60 centimetres (two feet) on Earth, then you could 
clear over three metres (9.8 feet) on the Moon and 
smash the world high jump record. The next likely 
destination for humans is Mars - the Red Planet is 
also smaller than Earth with one-third the gravity, 
So you would be able to jump nearly three times as 
high, which is nearly the height of a standard door. 
Within our Solar System the most Earth-like 
gravity should be Venus, with a surface gravity 90 
per cent that of Earth's, allowing you to jump 67 
centimetres (2.2 feet), but we're unlikely to build 
a base or spacesuit that could allow us to stand 
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Pluto 


Surface gravity: 0.067g 

Smaller than our Moon, on Pluto 

you could get a view like New 
Horizon's with unbelievably high nine- 
metre (29.5-foot) jumps. 


The Moon 


Surface gravity: 0.165¢ 

The Apollo astronauts were severely 
restricted by their space suits but 
they still managed some impressively 
high hops. 


Titan 


Surface gravity: 0.138¢ 

The only other surface in the Solar 
System where pressurised clothing 
isn't needed, but may have huge, slow 
motion, low gravity methane raindrops. 


Mars 

Surface gravity: 0.3782 

Both the Moon and Mars are likely 

to offer the planetary bases necessary 
to actually try this sometime during 
this century. 


© NASA; Pat Rawlings 
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The Internationa! 
Station 


Space 


Launch: 20 November 1998 
Launch rocket: Proton-I 

Target: LEO (low Earth orbit) 
Operators: NASA/JJAXA/CSA/ESA/ 
Roscosmos 

Orbital inclination: 51.6 degrees 
Component: Multiple international 
components 

First residents: November 2000 
(arrival of Expedition 1 team) 
Mission ends: 2074 (pending) 
Time spent in orbit: 6,201 days 
Orbits per day: 16 on average 








t 1.7m (average 
human height) 








Designed to replace the ageing Russian space station 
Mir, the International Space Station (ISS) remains a 
feat of space engineering like no other. The product 
of five space agencies working in unison - NASA, 
Roscosmos (Russia), JAXA (VJJapan), ESA (Europe) and 
the CSA (Canada) - it has been manned continuously 
for 15 years and is in a constant state of evolution as 
new parts, segments and components are replaced. 
Like any space-based construct it will eventually be 
taken apart and shut down, but until then it remains 
a technological marvel floating above the Earth. 
Unlike probes, satellites and other spacecraft destined 


to a single or small breadth of purpose, constructing 
something as grand in scope as the ISS was a great 
global achievement. 

The American space agency NASA's name is often 
closely associated with the ISS, but it was in fact 
the Russian Federal Space Agency (Roscosmos) that 
launched the very first elements of the station into 
space. The first component lifted off on 20 November 
1998 on a Proton-K (a Russian expendable launch 
system) carrying Zarya, a module designed to power 
the ISS through the early phases of its construction. 
Two weeks later the American STS-88 shuttle mission 
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The microgravity present on the ISS, which 
creates perceived weightlessness, provides 
scientists with the unique opportunity to study 
its effects on human physiology and more 
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Anatomy of the ISS 


The habitable artificial satellite SeTVes as the largest man-made @ Japanese Experiment 
body in orbit, consisting of pressurised modules, external Module 

Nicknamed Kibo (Japanese 
trusses and solar arrays amongst other components for ‘hope’, the JEM is the 


largest single component 

aboard the ISS and is used 

primarily for conducting tests 
Russian Orbital Segment @ on our atmosphere. 























Constructed by Russian ; ae 
Federal Space Agency @ Mobile Servicing 
(Roscosmos), the Russian System | 
Orbital Segment (ROS) deals The MSS plays a vital 
with the navigation, guidance role on the ISS, using 


and control of the ISS. its primary component 
the Canadarm2 


to manually move 
supplies, grasp 
spacecraft and move 
astronauts. 
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Destiny Laboratory @ “/>* 

Operated by NASA, the ne. 

Destiny module is used OB 
for research to conduct 
experiments and 
tests in a microgravity 

environment. @ Habitation modules 

A main habitation module 

was Originally planned 


Columbus module @ for ISS, but was later 
Much like Destiny and cancelled. Astronauts 
Kibo, the European now sleep in multiple 
Space Agency areas of the station. 


operated Columbus 
provides the tools to 
study the biological 
effects of spaceflight 
on the human body. 


@ Pressurised Mating 


@ Integrated Truss Solar arrays @ Adaptor 
Structure The ISS has a total of The PMAs are spacecraft 
The ITS is a large eight photovoltaic arrays, adaptors used aboard 
framework of trusses measuring 34.1m (112ft) the ISS to link two 
that connects a long and 11.9m (39ft) different connectors 
number of different wide - these provide together (the Common 
unpressurised ISS the station with enough Berthing Mechanism 
components together. power to operate. and the APAS-95). 
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An international effort 
The Russian-built Zarya and 
US built Unity modules came 
together and were attached in 
December 1998, signalling the 
beginning of the construction 
of the Space Station. 








ferried the second section, named Unity, used for 
connecting future modules together. 

The ISS, in this two-part form continued to orbit 
the Earth for another year and a half before the next 
elements arrived. Over the next few months more 
components were added, including the Russian 
Zvezda service module which maintains the life 
support systems for the entire station. In November 
2000 the first crewed mission, Expedition 1, arrived 
on the ISS and stayed for a total of 136 days. And 
so began a legacy of manned trips to the globally- 
operated station. As of September 2015, a staggering 
220 individuals from a variety of countries across 
the world have performed an equally startling 373 
spaceflights to the station between them. 

As the station was built by multiple nations, 


iF a ownership and operation of its many parts 

: is governed by a delicate series of treaties 
Spacewalk construction @ —_ a ¥ 

Many spacewalks were SB aT i and international agreements. The ISS 
conducted by astronauts PO itself is divided into two main sections 

in order to construct‘the oe = iss - the Russian Orbital Segment (ROS) 

International Space Station. Gy Ss 4 Ose handles guidance procedures, 
Leys Gi q controls and general navigation for 
Me Cala A the entire station. It houses ports 
EY OA 


and adaptors for Russian craft such 

as Soyuz and Progress and support 
for the European ATV. While the ROS 
is mostly used by Russian cosmonauts, 
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@ Picking your side 

Since the International Space Station 
is built to accommodate multiple 
vehicles, a craft will need to match 
orbit with the ISS, adjusting its Canadarm grapple @ 


After securely attaching 
itself to the craft, the 
Canadarmz2 begins pulling it 
in towards the designated 
hatch and adaptor. 


trajectory tothe millimetre. 


Entering free drift @ 
Once a craft has reached the 
necessary distance from the 
ISS (usually no further than 
17m or 56ft), the craft will kill 
its engines and begin to drift. 


Preparing for capture @ 
The craft, be it manned or 
unmanned, now awaits the 
Canadarm2 to move into place 
and reach out to make contact. 
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@ Connection made 
Once the correct adaptor 
(designed to suit the hatch of 
the docking craft) is secure, 
the connecting corridor is 
repressurised before the 
astronauts can disembark 
and_board the ISS. 
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the other half of the station is shared by a number 
of different nations. Operated by NASA, the United 
States Orbital Segment (USOS) also houses each 

of the components from other nations, including 


. @ 
Since reduced gravity can enable an astronaut to ‘HOWTO... build a 
lift incredible weights with their fingertips, these - 
devices reveal just how much resistance is needed sp ace st ation 


to regrow the muscle lost due to atrophy. 








the Japanese Kibo module and the Canadian The ISS’ research teams have also turned their T Rigorous design and testing 

Canadarm_2 robotic tool. gaze outward into the depths of space itself. In Before a single element leaves the ground, 
So what do those astronauts and cosmonauts order to detect the possible presence of dark every facet of the structure - from the truss that 

actually do aboard such a gargantuan international matter, NASA and a number of other nations will hold many of the modules together to the 


electrical framework of the entire station - is 
designed and tested repeatedly until the strongest 
and most reliable iteration is obtained. 


effort? The main aim of the ISS is to serve as a 
laboratory, observatory and factory in low-Earth 
orbit. It was also originally envisioned as a staging 
base or connection point for missions to the Moon, 
Mars or further into our Solar System, but these 
plans have become a secondary concern in favour 
of providing more commercial, diplomatic and 
educational research services. 

This research stretches from the effects of 
microgravity on human physiology, to the 
observation of glaciers, coral reefs and more. 

One recent experiment tested the behaviour of 
fire in microgravity, recording the way it ignites 
and burns (revealing that such fires burn at a 
Slower rate and lower temperature, meaning 
higher concentrations of materials are needed 
to put them out). Elsewhere, a team of astronaut 


built the Alpha Magnetic Spectrometer, a particle 
physics module that scans cosmic rays. Its design 
and positioning on the ISS was a huge step 
forwards in the hunt for antimatter, with NASA 
even comparing its potential future contributions 
to that of the Hubble Space Telescope. 

So what does the future hold for the 

Cou International Space Station? Both Roscosmos and 
i 0.000") NASA have funded each of their segments as far 
as 2024, and as the station is in a constant state 
of repair and improvement, there's a chance it 
could extend its life even further. With future 
manned expeditions already planned, the 2 
ISS and its many research projects are set to 

n order to construct a 

further our knowledge of the Earth, space and stable space platform 
its effects on human physiology for many years like the ISS, a core 
to come. @ component needs to 
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Launching the 
modules 


Scientists are using Advanced Resistive be established first. 
Exercise Devices (ARED) to record the effects Component launch A rocket capable of 
microgravity has on muscle and bone density. Roscosmos’ expendable launch system, taking a considerable 
Proton, was used to carry the first ISS payload (in this case 
component into Low-Earth Orbit. a Russian Proton 
Head to head carrying the Zarya 


control module) is 
needed to take it into 
a low-Earth orbit. 


The ISS is a colossal construct, but how does it 
measure up to the giant Boeing 747-400? In terms 
of sheer size the Boeing clocks in at 71m (233ft) in 
length, just shy of the ISS’ 72.8m (239ft). But the 
ISS’ width of 108.5m (356ft) dwarfs the airliner'’s 
64m (210ft). Interestingly though, the Boeing has : height above the Earth, it is automatically 

a maximum takeoff weight of 412,769kg (413 tons) Boeing 747 ISS unfurled and constructed robotically - conducted 
while the ISS’ total mass is 450,000kg (450 tons). 412,769kg 450,000kg by a team at ground control, although some 


automated processes take place. The module is 
EO tie e then activated and adjusted via boosters into the 
@ @ @ 
Canadarm2: The | Vital statistics 


correct trajectory. 
@ @ 
big arm in space | 199 — ee 1207 N1sa 


astronauts and 





Robotic construction 
Once the payload has reached the correct 











While on paper it might look like a big Miacanc: a A by Rusdan 

robotic arm, the Canadarmz2 is one of spacewalks made cosmonauts 

the most important elements of the ISS. on the ISS 

Delivered to the station in 2001 by Space 

Shuttle Endeavour, the arm has a ‘hand- ha 

like’ claw at its tip with an incredible 15 8 miles — — ye 4. Adding additional parts 

individual motors. Weighing in at 1.64 tons, The length of wire ‘aie saalaneth With the main component providing enough 
Canadarmz2 is 17.6m (57.7ft) in length and connecting the eerie a power to ensure stable propulsion, more modules 


has seven motorised joints, and it uses a ISS' electrics can be added. Adding a robotic arm and space for 
mobile platform to move along the station, crew quarters and laboratories is also prioritised. 


known as the Mobile Servicing System. 32, 33 3 cubic St When a station is finally habitable and crewed, the 


station can then increase its speed or orbit. 
The internal | : 


pressurised volume s_—«, equivalent to nearly 
of the ISS 130,000 basketballs 


1 million 


The ISS weighs 
nearly this much 
in pounds African elephants! 
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Focus on Charon’'s battered surface 


Charon’'s 
battered surface 


Pluto's largest moon boasts a history of violence 


Snapped by NASA's New Horizons spacecraft just 
before its closest approach to dwarf planet Pluto 

on 14 July this year, this is the best-colour- and 
highest-ever-resolution image to be taken of Charon. 
It reveals its surface as a landscape covered with 
mountains, canyons, landslides and craters, along 
with surface colour variations. 

This Pluto-facing hemisphere, which was 
transmitted to Earth on 21 September this year, 
shows off details of a belt of fractures and canyons 
just north of the moon's equator. The great canyon 
system is thought to stretch across the entire face of 
Charon for over 1,609 kilometres (OOO miles) and 
around to the moon’s far side. Indicating a titanic 
geological upheaval in Charon’'s past, these faults 
and canyons are four times as long as the Grand 
Canyon and two times deeper in places. 

The plains south of the canyon, known as Vulcan 
Planum, have fewer large craters than the regions 
to the north, indicating that they are younger. The 
smoothness of these plains, as well as their faint 
ridges and obvious grooves, are clear signs of large- 
scale resurfacing - possibly a kind of cold volcanic 
activity called cryovolcanism. An internal water 
ocean could have frozen long ago and the resulting 
volume change may have led to the moon cracking 
open, allowing water-based lavas to reach the 
natural satellite's distressed surface. ® 





Two of Pluto’s smaller moons, Hydra 
(left) and Nix, are slowly being brought 
into focus by the New Horizons team 
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Charon’s battered surface 


With a diameter of 1,212 km (753 miles), 
Charon is the largest of Pluto's moons 
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EXOPLANE 


The planets in our Solar System he 





ve got 


nothing on these kings of the cosmos 


Written by Jonathan O'Callaghan 


Over the past 20 years we have found thousands of 
planets outside the Solar System, and many of those 
are turning out to be rather weird and wonderful. 
In fact, our eight major planets are starting to look 
rather mundane when you compare them to others. 

Nowhere in our Solar System does it rain glass 
sideways, nor do any planets swoop in huge 
elliptical orbits around the Sun. Also, we seem to 
lack any planets inside Mercury's orbit, whereas 
other systems have planets extremely close to their 
parent star - some with a year lasting just a matter 
of a few hours. 





Arguably the most extraordinary planet of all is 
our own, Earth, but we are starting to find others 
that rival it, and may provide an insight into our past 
and future. Some planets orbit within the influence 
of their star's outer layers, boiling away their own 
atmosphere, a fate that will like befall us in several 
billion years. Others are losing large chunks of their 
atmosphere, which may have happened to Earth 
early in its life. 

So journey with us as we take a look at some of 
the most fascinating worlds in the galaxy that we 
know of - so far. 


A 
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10 extraordinary exoplanets 
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10 extraordinary exoplanets 


The world that 
travels backwards 


Almost all planets we know of orbit 
the “right way" - that is, their orbit is 
in the same direction as their star's 
rotation, which makes sense, since 
planets are thought to have been born 
out of the swirling disk of material 
around a rotating protostar. 

Not WASP-17b, though. This strange 
world has an orbital inclination of 
149 degrees - which means it orbits 


every 3.74 Earth days in a “backwards” 


direction relative to its host star's 
rotation. It is also very inflated, like the 
earlier HAT-P-1b, giving it an extremely 
low density. 

The exact reason for its orbit is 
not known, but theories include a 
gravitational slingshot resulting from 
a near-collision with another planet, or 
gradual gravitational influence from 
another planet slowly altering its orbit. 
It was the first planet found with a 


backwards - or retrograde - orbit, but 
others have since been discovered. 
Understanding how WASP-17b got 
into this weird orbit could help explain 
how such inflated planets came 
into being. High tidal forces are one 
theory put forward for providing the 
additional heat needed to puff up the 
planet, and its current inclination may 
hint at a violent past shared by some 
similar planets. 
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Why does this planet orbit 

Opposite to its star's rotation? 
0.49 Jupiters 
1.99 Jupiters 

3.74 Earth days 


< 3 billion years 





Unknown 
1,000 light years 


2009 
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The fastest 
exoplanet 


Kepler-70b is really fast. This planet 
completes an orbit of its host star, a 
red giant, in just 5.76 Earth hours, or 
0.24 Earth days. Yes, that is incredibly 
quick. In fact, its the shortest orbital 
period of any planet we know. Its 
velocity would be just under five per 
cent the speed of light. 

It’s thought this planet may once 
have been a large hot Jupiter planet, 
but not any more. Now, all that 
remains is the husk of a former gas 
giant, less than half the mass of Earth, 
speeding round its star. Its tight orbit, 
65-times closer than Mercury is to 
our Sun, means it experiences huge 


When WASP-12b was discovered in 
2008, it defied all expectations, with 
it taking the title of the hottest planet 
we knew of. At more than 50 per cent 


Once coined the hottest planet, it’s 
now doomed to a rapid end 


1.4 Jupiters 

1.74 Jupiters 

1.09 Earth days 
<1.7 billion years 
2,250 °C (4,085 °F) 
871 light years 

| 2008 
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temperatures, making it one of the 
hottest exoplanets we know. 

The star itself is thought to have 
expanded to form a red giant about 18 
million years ago, blowing away the 
atmosphere of the planet, a fate that 
might befall Earth in several billion 
years. The planet may once have been 
enveloped in its star's atmosphere, but 
somehow its rocky core remained. 

What’s even more amazing is that 
there is another planet just 240,000 
kilometres (150,000 miles) further 
out, Kepler-7Oc, with an orbital period 
of 8.23 hours. And a third planet may 
even reside between them. 


bigger than Jupiter and with an orbit 
less than 1/40th of Earth’s around 
the Sun, it was faster and hotter than 
anything we had expected. 

It has since been usurped by other 
planets in terms of temperature, 
but this so-called hot Jupiter is still 
fascinating, mainly for the reason 
that it is being eaten alive. Such is 
the planet's proximity to its star, 
completing an orbit in just 1.1 days, 
that it is thought to be losing 6 trillion 
kilograms (13 trillion pounds) of mass 
every second as its atmosphere is 
blasted away. The planet is expected to 
die in 10 million years. 

In addition, the planet is thought 
to have a high concentration of 
carbon - namely carbon monoxide 
and methane. This means that its core 
could be solid, and if it is, it would be 
abundant in diamond. Yes, the core 
of this gas giant may be one giant 
diamond, left exposed after its star 
devours its outer layers over the course 
of millions of years. 










You could barely watch two 
Movies during d year on this planet 
0.44 Earths 

__ 0.76 Earths 
9.76 Earth hours 












— Unknown 
© 6,870°C (12,390°F) 
3,850 light years 
201 
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Gliese 436 b is perhaps the weirdests 
planet of the lot. Well, we say 

planet, but Gliese 436 b seems to 
behave more like a comet, with a tail 
stretching far behind the body. 

As it orbits its star, it appears to be 
losing 1 million kilograms (2.2 million 
pounds) of hydrogen every second, 
with the planet thought to have lost 
up to ten per cent of its atmosphere 
since it formed. The:tail is huge, about 
50 times the size of its parent star, 
and obscures the star as the planet 
completes its regular orbit of less than 
UAT KaoMe Es hYASH 

Such a planet with a comet-like tail 
has been theorised before, but this 
is the first to be found. It has been 
dubbed a “warm Neptune”, owing 
to its size and proximity to its star. 
The reason its tail may remain, and 
not get blown away, is that the star it 
orbits is a relatively cool red dwarf, so 
the gaseous tail can stick around for a 
while longer. 

Interestingly, our own humble 
planet Earth is thought to have lost 
large amounts of hydrogen from its 
atmosphere early in its life. In fact 
at the end of our Sun's life, when it 
expands into a red giant, it may also 
boil off our remaining atmosphere. 


re, it might look pretty, but it 
would also burn you to a cinder 


8.63 Earths 

2 Earths 

17.68 Earth hours 
< 10 billion years 
2,150°C (3,900°F) 
AO light years 
2004 





A land of 
burni 
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A strange tail: the planet 
that thinks it's a comet 
22.2 Earths 
4.33 Earths 
63.5 Earth hours 
< 6 billion years 
440°C (820°F) 
33 light years 
2004 





The diamond planet 


On this world, diamonds are 
everyone's best friends. Dubbed a 
super-Earth, 55 Cancri e is one of five 
planets around its star, and while it is 
not a habitable world as we know it, 
the planet is intriguing. 

Its host star has more carbon than 
oxygen, and while 55 Cancri e was 


once thought to be abundant in water, 


scientists now think it is made mostly 
of carbon, in the form of graphite and 
diamond, and other minerals. In fact, 
a third of the planet's mass - about 
three-times Earth's mass - could be 
solid diamond. 

The discovery has led scientists to 
surmise that distant rocky planets 


might not be that similar to our own, 
and might have extremely varied 
compositions; 55 Cancri e was the 

first rocky planet found with a vastly 
different composition to our own. The 
thick diamond composition would give 
this planet very strange characteristics, 
drastically affecting its volcanism, 
Seismic activity and mountain 
formation in unknown ways. 

This was the first super-Earth 
discovered around a main sequence 
star, and while it is almost certainly 
not habitable, its discovery has helped 
to pose intriguing questions about 
What other exoplanets may lie in wait 
for scientists to discover. 
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Now we've j 
just got to find a gj 
bathtub to test the theory... oon 


0.53 Jupiters 
1.32 Jupiters 
4.5 Earth days 
< 3.6 billion years 
910°C (1,660°F) 
450 light years 
2006 


The planet that’s lighter 


10 extraordinary exoplanets 


than a ball of cork 


This exoplanet baffled astronomers 
when it was first found in 2006. It is 
nearly twice the volume of Jupiter yet 
is only half as massive. This makes the 
planet about one quarter the density 
of water, or lighter than a ball of cork. 
Like Saturn, it would float in a giant 
bathtub of water, but it would float 
three times higher. 

The exact reason for this is 
unknown to scientists. It's thought 
that the process may involve the 
injection of additional heat into the 
planet's interior, but again how this 
is done is a mystery. One possibility 
is that the planet is on its “side” and 


The water 


world 


With a surface temperature of 
230 degrees Celsius (450 degrees 
Fahrenheit), you would probably 
think this world would be a hot, 
» steaming pile of molten rock. Well, 
you'd be wrong. Sort of. 
Gliese 1214 b is.between Earth 
and Uranus in size, and orbits its 
star at a distance of just 2 million 
kilometres (1.2 million miles). 
That's not why Gliese 1214 b is 
interesting, though; preliminary 
observations in 2010 suggested 
its atmosphere was made mostly 
of water, and that was seemingly 
confirmed in 2012. 
The density of this planet appears 
to be two grams per cubic centimetre 
- Earth is 5.5, and water is one. Thus, 
scientists think it has huge amounts 
of water, accumulated previously 
when it was further from its star in 
the habitable zone. Now that it is in 
a tight orbit with a high temperature, 
that water is evaporating and creating 
a steamy haze around the planet. 
The planet’s high temperature 
and its high pressure combined 
are likely causing some rather odd 
things to happen in the planet's 
interior structure, where hot ice or © 
1b ployee LONG Melt cy meee (eM ol—mreyennnnntee 
Gliese 1214 b remains one of the most 
likely planets we know of to play 
host to an ocean, but owing to its 
extreme temperatures, it is probably 
somewhere you wouldn't want go to 
for a swim any time soon. 
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This planet is about 2.7 times 
the size of Earth, and has 
about 6.6 times its mass. 
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rotates perpendicular to its orbital 
path, similar to Uranus in our Solar 
System. However, this situation is 
thought to be extremely rare - and 
as other “inflated” planets have been 
found, it seems unlikely this would 
have occurred on all of them. 

Another theory is that it has 
an eccentric orbit, but additional 
observations seemed to have ruled 
this out. In addition, another inflated 
planet - HD 209458 b - is known to be 
in a circular orbit, so this theory would 
not hold true for all such worlds. 

For now, this cork-like world 
remains a mystery. 


Half the mass of 
may be compose 


Water @ 

Earth's mass is 0.06 
oye) p C1) 
its thought Gliese 
1214 b is made of 
about 50% water. 


L Ge 
Both Earth and Gliese 
1214 b are thought to 
have an iron-nickel 
core surrounded by a 
ST force ae alicee 





Compared to Gliese 1214 b's hydrogen- 
helium atmosphere, our planet has a 
relatively thin atmosphere above the crust. 


HAT-P-1b 
Density 305kg/m? 
Radius 1.32 Jupiters 
Mass 0.53 Jupiters 


Jupiter 

Density 1,326kg/m? 

Radius 69,911km (43,441mi) 

Mass 1.898 x 102/kg (4.184 x 102/Ib) 





this steamy world 
d of water 


6.55 Earths 
2.68 Earths 
38 Earth hours 
< 6 billion years 
930°C (450°F) 


42 light years 
2009 


Atmosphere ® 
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° A world with dangerous summers S 


All the planets in our Solar System 
orbit in fairly circular orbits, with their 
positions nearest and furthest from 
their star not changing by drastic 
amounts. That's not the case on HD 
80606 b, though, which has a hugely 
elliptical orbit around its star. 

During its 111 Earth-day orbit, 
it moves from O.03AU (1AU is the 
distance from Earth to the Sun) to 
O.88AU, giving it an “eccentricity” of 93 
per cent. Earth's, by comparison, is five 





8 The planet th 


The next time it rains, spare a thought 
for the (unlikely to exist) inhabitants 
of this planet. On HD 189733 b, the 
surface temperature is not only a 
blistering 850 degrees Celsius (1,560 
degrees Fahrenheit), but it is also 
thought to rain glass sideways with 
winds of around 7,250 kilometres 
(4,500 miles) per hour. 

This planet appears a cobalt blue, 
which comes not from an ocean but 
from the silicate particles in the cloud 
of its atmosphere. As these silicates 
condense in the heat, they form small 
drops of glass that not only produce 
the blue light, but also get caught up in 
the winds swirling around. 

The planet is 30-times closer to its 
star than Earth is to the Sun and is 
gravitationally locked, meaning one 
face is permanently locked to its star. 
On the day side, temperatures may be 
cooler by about 227 degrees Celsius 
(440 degrees Fahrenheit), creating a 
temperature cycle that only adds to 
the extremity of the winds. 

This hot Jupiter is thought to be 
losing huge amounts of material, 
between 100 million and 600 million 
kilograms (220 million and 1,320 
million pounds) a second. It also has 
the honour of being one of the closest 
hot Jupiters we know of to Earth. 


60 


per cent. It is second only to one other 
world known so far, HD 20782 b, in its 
eccentricity. One day on the planet is 
34 Earth hours. 

As it makes its closest approach, 
the temperature almost doubles from 
500 degrees Celsius (932 degrees 
Fahrenheit) to 1,200 degrees Celsius 
(2,200 degrees Fahrenheit) in just six 
hours, meaning that its seasons are 
driven not by its tilt - like Earth - but 
by its orbit. If you camped high in 











Probably not an 
destination for b 


Mass 


ideal holiday 
each-goers 


Size 


2.2 Earth days 


A 
= < 600 million years 
Temperature 


; 850°C (1,560°F) 
Distance 


Year discovered 


2005 


at rains glass 


”) Silicate particles 
Clouds high in the 

_. extremely hot atmosphere 
of the planet are thought 
to contain a large amount 
of silicate particles. 
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the atmosphere of the planet for the 
entirety of its orbit, you would see the \ 
star expand to 30 times the apparent 
size of our Sun in the sky and increase 
in brightness by a factor of 1,000. 
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Searing temperature — 
This planet is just 4.7 million 
kilometres (2.9 million 
miles) from its 0.8 solar 
nass star, experiencing the 
full brunt of its heat. 
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Can a world exist that is darker than 
black paint? Why yes, yes it can, and 
TrES-2b is the prime example, being 
one of the darkest exoplanets we 
know if. It reflects just one per cent 
of the sunlight falling on it, but like a 
burning coil, it actually glows faintly 
red in some areas due to its extreme 
heat of more than 1,000 degrees 
Celsius (1,800 degrees Fahrenheit). It 
is yet another example of how varied 
so-called hot Jupiters can be. 

TrES-2b, about 750 light years away 
towards the constellation Draco, orbits 
its host star at a distance of just 5 
million kilometres (3 million miles), 
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Blacker-than 
-coal Jupiter 


but it appears to lack reflective clouds 
like Jupiter, which can bounce back 
more than a third of sunlight. Instead, 
it is rich in light-absorbing chemicals, 
which are thought to trap 99 per cent 
of the incoming sunlight. 

Scientists studying this planet 
were able to make estimates about its 
atmosphere owing to the tiny change 
in its brightness as it completed an 
orbit of its star. The exact reason 
for its dark colour is not known, 
however, and only high-resolution and 
challenging optical measurements in 
the future stand a chance of resolving 
the mystery. 


10 extraordinary exoplanets 


“NN 
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Why is TrES-2b 
so dark? 


“The most likely answer is a 
combination of light absorbing 
compounds in the atmosphere, 
such as sodium and potassium. But 
we don't know why TrES-2b has 

so much of these light absorbing 
chemicals. Most hot Jupiters are 
dark but TrES-2b appears somewhat 
darker than most. Perhaps the disk 
from which the planet formed was 
unusually metal-rich.” 


David Kipping, astronomer, 
Harvard Smithsonian Center 
for Astrophysics (CfA) 
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Hunting for gravity waves 


Hunting for 
sravity waves 


We caught up with Paul McNamara, lead scientist on the new satellite LISA 
Pathfinder, scheduled for launch next month, that could help us measure 
how violent cosmic events alter the fabric of space-time 


Interviewed by Giles Sparrow 





Paul McNamara 
Astrophysicist Dr Paul 
McNamara is Project 
Scientist on the European 
Space Agency (ESA)’s LISA 
Pathfinder mission, which 
is scheduled for launch on 
2 December this year. He 
is based at ESA’s European 
Space Research and 
Technology Centre (ESTEC) 
in Noordwijk, Netherlands. 
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You must be very busy preparing for the launch 
- thanks for taking the time to talk with us. 
LISA Pathfinder will be testing the concept of 
gravitational wave detection, can you explain 
exactly what these are? 

Often we think of space as a big empty vacuum, 
but you can also think of it as a space-time - a four- 
dimensional fabric with both length, breadth, height 
and time, that pervades the universe. According to 
the ideas of Isaac Newton, if something happens 
somewhere in space - say something explodes or 
two stars merge together - then instantly we would 
know that the gravitational field has changed. We 
have what we would call ‘instantaneous action at 

a distance.’ But then along came Einstein, and he 
said that information cannot travel faster than the 
speed of light: one of the outcomes of the general 
theory of relativity, which is a hundred years old 
this year, is that there has to be something to 

carry the information of gravity. When you do the 
mathematics, this seems to have a wave-like nature, 
and these are what we call gravitational waves - 
they're essentially carrying the information of gravity 
throughout the universe. 

When we think of waves in water moving up and 
down, that’s a ‘dipoles’ wave, but gravity’s a bit more 
complex - its waves are ‘quadrupoles’. One way of 
thinking about that is to imagine a ring - in one half 
of the wave cycle it gets taller and thinner, and in the 
second half-cycle it gets shorter and fatter. There's 
a continuous stretching and squeezing as it travels 
through space, which in turn changes the fabric of 
Space-time itself. 


So what sort of objects do generate these 
gravitational waves? 

They're produced by pretty much anything - you, 
Ine, cars, planes. But we're just tiny, and space is very 
‘stiff’ - it really doesn't like to deform and so while we 
do produce gravitational waves, they're minuscule 

in terms of amplitude. Basically we're looking for 
violent things - to get a signal that’s strong enough to 
measure on Earth, or in orbit near Earth, it really has 
to be a very big, violent event in the universe. Waves 
are created by an acceleration of mass, so if you think 


of two objects orbiting each other you can have an 
angular acceleration - if you have two stars orbiting 
and you're viewing them from a long way away then 
at some times you see the two stars separated, with 
one gravity field, and at other times they're roughly 
in line with each other. 

Think of the electromagnetic spectrum and you 
have radio telescopes and X-ray telescopes - very 
different instruments but they're still measuring 
parts of the electromagnetic spectrum. It's just to do 
with wave frequency, and with gravitational waves 
it's exactly the same. With Earth-based detectors 
youre measuring high-frequency waves from things 
that oscillate hundreds or thousands of times a 
second, while with space-based detectors you may 
look at things that change over thousands of seconds 
- six orders of magnitude difference in frequency. 

Ground-based gravitational wave experiments like 
LIGO in Louisiana, USA, and VIRGO near Pisa in Italy 
are looking for events involving stellar-mass objects - 
things like neutron stars, supernovae and stellar black 
holes, up to about ten times the mass of the Sun. But 
up in space we're hoping to look for the really big 
guys - things like galaxies smashing into each other, 
10-million-solar-mass black holes and stuff like that. 


How do we detect them and why do it in space? 
The most popular solution is to use laser 
interferometry - you shine light out along two ‘arms’, 
reflect it off a flat surface, and compare the phases 
of the outgoing and returning laser light waves from 
each direction. If a passing gravitational wave causes 
the kind of cyclic distortion in space-time we'd 
expect, then the phases should shift as the distance 
along the arms alters. 

Doing it in space has many advantages, but the 
biggest is the frequency range. Most of the things 
we're looking at on the ground are ‘burst sources’ that 
appear for a tiny fraction of a second and then are 
gone - that could be a supernova, or the coalescence 
of the very moment of merger between neutron stars 
or small black holes. So you turn on your detector 
and hope something happens, and if it does then 
you do science on the thing you've measured. In 
space, the lower frequencies we can detect mean 
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we could track these kind of events for years, as 

they slowly spiral in towards a merger. Another big 
advantage is we could measure waves from white 
dwarf binaries - pairs of compact stellar remnants 
with about the mass of our Sun, which are much 
more common than the heavier systems. We think 
there could be tens of millions of these in the galaxy 
- too many to distinguish from each other. In general 
they'd create a background noise, but there are some 
systems we already know about close to Earth - we 
can predict the exact signature of waves they should 
be producing according to general relativity, and we 
can look for that and hopefully verify that they're 
behaving as predicted by Einstein. You can't do that 
from the ground because these low-frequency signals 
would be drowned out by things like cars driving by, 
clouds moving overhead, and even ocean waves. On 
the ground youre really limited to high frequencies 
and can't hope to detect waves of, say, ten hertz 
(cycles per second) and above. 

Another big difference is arm length. On the 
ground there are obvious limits to how big you can 
make your detector, and how weak the waves are 
you can detect. The big space-based LISA detector 
for which LISA Pathfinder is a first step could be 
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An artist's impression of LISA Pathfinder when it 
reaches its Lissajous orbit in early December 
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anything between one and five million kilometres 
(between 621,370 and 3.1 million miles) long. All 
you'e limited by is the number of photons you 
can detect at the end of the path, and you can just 
increase that laser power if you want to go further. 


So how exactly will LISA Pathfinder take that 
first step? 

Pathfinder really is just a technology demonstration. 
This isn't a detector itself, but the big issue has 
always been how you go about measuring a million- 
kilometre (621,370-mile) length with picometre 

(one trillionth of a metre) accuracy. Measuring the 
small distance over a long arm is theoretically fine, 
but the question is, what do we measure? We need 
something that's susceptible to the fluctuations in 
Space-time, but is isolated from the fluctuations of 
the Solar System and the spacecraft. 

So LISA Pathfinder is a satellite with two gold- 
platinum tubes called ‘test masses’ floating freely 
inside: these tubes should be susceptible only to 
fluctuations in space-time - not to local factors like 
the pressure of radiation from the Sun, or from the 
environment of the spacecraft itself - factors like its 
thermal and magnetic properties. To make useful 
measurements, we have to keep these masses 
isolated from any external forces down to something 
like a quadrillionth of Earth's gravity. Pathfinder is 
going to test whether this kind of measurement is 
actually possible. 


How will the spacecraft do that? 

Well you start with a very dense test mass. Force 
equals mass times acceleration, and we want to 
keep acceleration extremely low, so if you have any 
external forces, they'll have less effect on a heavier 
mass. Gold-platinum alloy has a density of about 
20,000 kilograms per cubic metre (1,250 pounds per 
cubic foot) so it's ideal. What's more, if you get the 
ratio of metals in the alloy just right, you get very 
close to zero magnetic properties. Then you put the 





test mass in a spacecraft, and you have to design a 
spacecraft that also won't affect the measurement. 
We'd love to take this test mass and have it floating 
in space on its own, but we need this little shield 
called a spacecraft. 

So for example there are no magnetic materials on 
board - everything's made of titanium rather than 
Stainless steel. We have to keep the test mass in a 
high vacuum because even though space itself is a 
vacuum, the inside of a satellite can be quite dirty 
as it starts to leak gas after launch. Even an atom 
bouncing off our test mass could completely wipe out 
our chance of measuring gravitational waves. 

We also have to be careful with the spacecraft's 
temperature - unlike most satellites, if we want to 
use a system it has to be powered constantly rather 
than turned off and on when needed. This ensures 
the thermal properties are the same throughout the 
mission. The gravity of the satellite itself also has 

to be balanced so that the mass is only affected by 
external gravity. We have a very detailed computer 
model of the spacecraft with every instrument box 
in it, and we have to optimise the locations to keep 
the gravity even. We position the boxes near the test 
mass to an accuracy of about 100 microns (one tenth 
of a millimetre, or 0.004 inches). We have to model 
the mass and position of the internal cables - and 
very close to the centre, we even have to take cable 
ties into account. 


How does LISA Pathfinder actually work? 
With LISA Pathfinder everything's in the one 
spacecraft - effectively it's one 'arm' of a very small 
interferometer complete with two test masses and 
a laser. What we're testing is whether can we make 
the measurement in the first place - can we build 
something that will be sensitive to gravitational 
waves when we build the larger version of it? 

To actually measure gravitational waves, you'd 
need the two separate arms. You're essentially 
counting the ‘ticks’ of a laser light going along two 
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different arms, and because you've got two arms you 
can cancel out a lot of the laser noise to make accurate [eam — a 
measurements. But our arm is just way too short - we — =— 
really need them to be more than a million kilometres 
(621,370 miles) long to detect the kind of waves we're 
looking at. 

And a significant issue with Pathfinder is that our 
two test masses lie on the same line - if our primary 
test mass starts to drift towards one side then the 
whole spacecraft will follow, and the other test mass 
could hit the wall, and then it would no longer be 
free as it’s in contact with the spacecraft. We have 
to constantly apply forces to the second test mass to 
make sure that doesn't happen, and it's the force we 
have to apply to that second mass that's our primary 
science output. That's simply not an issue with the 
full LISA configuration, where the two test masses 
are floating in different spacecraft [with the laser 
interferometer in a third], so they can be allowed to 
drift in whatever direction they want and take the 
spacecraft with them. 






































How long will the mission last? 

The mission has three months for the European 
measurement, and then three months for a 

US experiment that’s also on board. Beyond 

the six months, there's a variety of ideas for 
extended missions, since this is one of the most 
sensitive instruments ever built. We could look at 
micrometeoroids striking the spacecraft, near-Earth 
objects such as comets and asteroids, perhaps even 
look at some alternative theories of gravity. 


Can you tell us a bit about the long-term plans for 
a full-scale LISA mission? 

The European Space Agency selected the second and 
third large missions in its Cosmic Vision programme 
about a year ago - the second is an X-ray telescope 
called Athena, while the third will study the universe 
using gravitational waves. The first thing we need to 
do is carry out an industrial study, after which we can 
propose what the mission looks like - what we call an 
architecture. At the moment the best one we can find 
is a LISA-like mission, using gold-platinum tubes and 
laser interferometry to measure the distances. 

The planned launch date for the mission is 2034, 
but these missions take time to get up and running 
and to get the technology built and tested. In 20 years 
time, I hope we'll be getting very excited. @ 
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What would happen to 
a rocket that couldn't 
reach escape ool a Lay 




















POT Cer vem V AIDC) =y 
Escape velocity is the speed required 4 
for a rocket to theoretically escape the f : 


gravitational pull of an object such as a 
planet or a moon, assuming it does not 
produce its own thrust. In order to escape 
the gravitational pull of the Earth, a bullet 
would need to leave the muzzle of a gun 

at a speed of over 11 kilometres (6.84 miles) 
per second. 

In reality, a rocket that is producing a 
thrust needs a much lower speed to escape 
gravity, since the acceleration produced will 
cancel out some of the negative acceleration 
that this force causes. 

However if your rocket is not travelling 
at 7.8 kilometres (4.8 miles) per second by 
the time it gets to LEO (low Earth orbit) 
altitude, and if it is not producing its own 
thrust at this point, gravity will pull it back 
down towards our planet's surface. SA 
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Don't expect 
Hubble-standard 
images when 

looking through 
your telescope 


What is the biggest asteroid I can see from Earth? 


Thomas Scordo 
Amateur astronomers can see the two 
largest objects in the asteroid belt with 
a small telescope or even binoculars. 
These objects are called Ceres and 
Vesta. Ceres used to be classified as an 
asteroid, but in 2006 it was reclassified 
as a dwarf planet, along with Pluto. 
Ceres is 965 kilometres (600 miles) 
across, and Vesta is 572 kilometres 


4’. SOLAR SYSTEM 


If Saturn collided 
with Jupiter would 
Earth be destroyed? 


Matthew Friend 
It's unlikely. A planetary collision 
within our Solar System probably 
wouldn't be too impactful on the 
other planets within it. Gas giants like 
Saturn and Jupiter would most likely 
merge immediately or 'splat' and then 
coalesce over a few thousand years. 
However, while the event of a planetary 
collision may not have too much effect 
on somewhere like the Earth, the 
conditions that caused it may have 
some profound effects. 

Our current understanding places 
the eight planets of the Solar System in 
established stable orbits for the last four 










billion years. The event that initially put 


Saturn and Jupiter on a collision course 
would pose more of a threat than any 
collisions between other planets. ZB 
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The space between galaxies is 
‘ largely empty, which owes to the 
universe's darkness 


G 
Why ts the 

space between 
galaxies black? 


Carlos Bennett 
In order to see light, something 
must be producing the glow, but 
the space between galaxies is 
largely empty so we observe this 
space to be black. Despite the fact 
that there is some material between 
galaxies, strung in a cosmic web, 
the density of this material is very 
low and any light that is emitted or 
reflected would be incredibly faint 
in comparison to that which we 
can see from galaxies. 

Couple this with the fact that 
the space between galaxies is 
also, theoretically, populated with 
incredibly dense dark matter, which 
as its name suggests noes not emit 
light, and you are left with what 
appears to be empty, dark space 
between galaxies. SA 


skies. For the rest of us, binoculars or 
telescopes will show a pinprick of light 
that doesn’t twinkle like a star. 

Vesta has just passed its brightest 
point this September, so it should still 
be around magnitude +6.5 when you 
read this, but steadily getting fainter. 
The next time Vesta will be at its 
brightest will be 18 January 2016, and 
for Ceres it will be 21 October 2016. GL 


(355 miles) across at its widest point. 
Despite being bigger, Ceres is the 
fainter of the two because it orbits 
further away from us than Vesta 
does. At their best, Ceres reaches a 
magnitude of around +7, while Vesta 
can get as bright as magnitude +5.8, 
which means technically it is visible 
to the naked eye for observers with 
good eyesight and under the darkest 
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black holes, often 
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galaxies, make up the 
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When we get total lunar eclipses, 
Watoyaelcoeen (sella o\ia lolol bee le) 
per cent of the world 


Why are total lunar 
eclipses so rare in 
the UK? 


Felicity Stuart 

Total unar eclipses are fairly rare 
events as they rely on a specific 
layout occurring within our Solar 
System, and, as a result, we end up 
experiencing around two every year. 
Not all of these are total eclipses 
though, which give the Moon the 
blood red colour we often see. When 
we get eclipses they are generally 
visible to around 30 per cent of the 
world. Interestingly, over the next ten 
years we should be able to see half of 


the total eclipses that occur worldwide. 


The next eclipse to look out for here 
in the UK falls around the middle of 
September 2016. This event will be 
what we call a Penumbral eclipse, 
where the Moon will partially pass 
through the Earth's shadow. ZB 
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Lynette Handson 
While it is possible that dark matter 
could be made up of black holes, it is 
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Dark matter is invisible and makes 
up roughly 80 per cent of all the 
matter in the universe. We only know 
dark matter is present in the cosmos 
because of the extra gravitational pull 
it exerts on stars and galaxies. 


Will Pluto be 
reinstated as 
a planet? 


Siobhan Britt 

It really is difficult to answer this! 
Pluto was reclassified as a dwarf planet 
following a vote by members of the 
International Astronomical Union 
(IAU) in 2006 after some scientists 
protested that it was too small to be 
a fully-fledged planet and had not 
‘cleared its orbit’ 

However, this decision was not 
unanimous and some scientists, 
including Alan Stern, the lead scientist 
on NASA's New Horizons mission 
to Pluto, still believe it should be 
classified as a planet. The pictures of 
Pluto taken by New Horizons have 
re-sparked the debate. While they 
show that Pluto is as fascinating as any 
planet, they also show that it shares 
strong ties with other icy, cometary 
bodies that live at the edge of the Solar 
System. If there is ever another vote it 
is impossible to say which way it will 
go - Pluto is definitely a case where 
rather than science fact, it is science 
opinion that decides its fate. GL 
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One of the original possible solutions 
for dark matter were MACHOs (Massive 
Compact Halo Objects). These are 
things like black holes, neutron stars 
and cold white dwarfs that are small 
enough to be difficult to see but are 
massive enough, that if they existed in 
large numbers in the outer haloes of 
galaxies, could explain dark matter. 

However, a number of observations 
make this solution unlikely. Countless 






made up of black holes? 


searches for these objects have turned 
up nothing, while studies of the way 
dark matter behaves in collisions 
between clusters of galaxies suggest 
that its physical properties are very 
different to those of black holes as well 
as neutron stars. 

The most plausible solution at 
present is that dark matter takes 
the form of a massive, unidentified, 
particle of enormous energy. GL 


New Horizons’ principal 
investigator Alan Stern 
believes that Pluto should 
BM elem Ce BES 
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The Planet Hunters 
project is just one 
example of getting 
into space science 


Es | 4 | | | | z 


4 ~ SPACE EXPLORATION 


Can I contribute to space science? 


Olly Witney 

There are many ways to get involved 

in space science. There are a number 

of citizen science projects that are 
accessible online, from Galaxy Zoo and 
the Planet Hunters project, which allow 
you to analyse images and data and 
contribute to our understanding of our 
universe, to the SETI@home where you 


A Japanese mission 
called Akatsuki will 
attempt to enter 
into Venus' orbit in 
December 2015 


Kg SPACE SOOO 


pV hao corey eran 
missions to Venus? 


Michael Jamieson 
Yes, there are several missions planned 
to visit Venus in the next decade or 
two. Since Venus is the closest planet 
to Earth and the easiest to reach, space 
Ffexay pei (aswe- Ne) UN BLG Men Lom NYO) (GMNKceLOLcIBNO bY 
send spacecraft there. The most recent 
mission has been the European Space 
Agency's Venus Express, which ended 
its mission in 2014. 

Meanwhile, a Japanese mission 
called Akatsuki will attempt to enter 


into Venus’ orbit in December next year. 


Following that, the next spacecraft to 


www.spaceanswers.com 


BepiColombo, which is 








allow the Search for Extra Terrestrial 
Intelligence group to use your computer 
processing power when you are not 
working on your computer. 

If you are a student, there is also a 
wealth of competitions and initiatives 
you can take part in. The European 
Space Agency run a ‘Fly Your Thesis" 
competition, where university students 


visit Venus will be 


a European Space Agency 
mission set to launch for 
Mercury in January 2017. On the way 
there, the spacecraft will make two 
flybys of Venus. A year later, NASA will 
launch a Solar Probe Plus, which will 
perform seven flybys of Venus while on 
a mission to observe the Sun. There are 
also concepts for dedicated missions 

in the future: NASA has proposed a 
lander called the Venus In-Situ Explorer 
and Russia hopes to launch a dual 


Does the star have any 
transit features? 
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can devise experiments that they would 
like to run in microgravity on a parabolic 
flight, and the lucky competition winner 
gets to conduct their experiment. 

NASA also recently held a competition 
for citizens to devise a method of 
shielding astronauts from radiation on 
long-duration space flights. SA 


orbiter/lander called Venera D in 2024. 
A further two missions proposed by 
NASA are a Mapping mission.and an 
atmospheric probe. None of these 
proposed missions have funding yet, 
but it’s a sure bet we'll be returning to 
Venus soon. GL 





Quick-fire 
questions 


@spaceanswers 


What is the biggest 

comet we know of? 
While we haven't been able 
to obtain a fully accurate 


measurement, Comet McNaught 


(C/2006 P1), or the Great Comet 
of 2007, is said to be the largest 
comet to date. 


Are there planets in the 


Oort Cloud? 
It was once thought that 

there was a planet orbiting on 
the outskirts of the Oort Cloud, 
but to date, the only objects that 
are known to be lurking there 
are comets. 


What is a black dwarf? 
A black dwarf is a white dwarf 
that has cooled down so much 
that it becomes invisible in the 
night sky. They are hypothetical 
concepts since we have never 
detected one. 


Why are some stars 
brighter than others? 
Not all stars are the same distan 


EE 


away from the Earth or the same 


type of star. How bright a star 
appears in the night sky depend 


S 


on its size and how far away it is 


from us. 


What is a hot Neptune? 
This is an exoplanet that not 
only orbits closely to its star, 
causing it to become heated to 
very high temperatures, but it is 
also similar in terms of mass to 
ice giant Neptune. 


What is a complex 
crater? 
Complex craters are impacts in 
a rocky planet's surface with 
low depth-to-diameter ratios. 
This type of crater usually has a 


central peak, trough and terraced 


rim structure. 


What is M-theory? 
This theory of particle physics 
states that the universe features 
11 dimensions where weak and 


strong forces, as well as gravity, 
are unified. M-theory is an 
extension of string theory. 
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Quick-fire 
uestions 


@spaceanswers 


© What is sidereal time? 
Sidereal time is measured 
according to the positions of the 
stars in the sky. In comparison 

a sidereal day lasts 23 hours, 56 
minutes and 4.1 seconds, while a 
mean day (the day we're used to) 
lasts 24 hours. 


© Who discovered Mars? 
There is no single person who can 
be credited with the discovery of 
the Red Planet. Since it’s easily 
spotted in the night sky, it’s 

likely to have been observed for 
thousands of years by people of 
many different cultures. 


© What is spherical 
aberration? 

Spherical aberration creates a loss 

in the definition of an image and 

is caused by light rays failing to 

arrive at the same focal point, 

resulting in an imperfect image. 


© How many Earths could 
fit inside the Sun? 

The Sun has a radius over 100 

times that of our planet, meaning 

that around 1.3 million Earths 

would fit into it. 


© Does everything have 
gravity? 

If it has mass, then it certainly has 

gravity. That includes yourself, the 

planets, our galaxy and even the 

copy of All About Space you're 

holding right now. 


© How many stars are in 

the Andromeda Galaxy? 
Astronomers believe that there 
are around a trillion stars in our 
closest spiral galaxy. That's more 
stars than in the Milky Way. 


© Which type of telescope 
mount is best for a 
novice astronomer? 
Being light and easy to use, an 
alt-azimuth mount is ideal for 
those just breaking into the world 
of astronomy. 
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ejected all the small bodies, 

— like asteroids and comets, 
from its path. 
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What does it mean when a 
planet ‘clears its orbit’? 


Tom Cambridge 

If a planet is said to have cleared its 
orbit, the planet's gravity has ejected 
all the small bodies, like asteroids and 
comets, from its path and its gravity 
has complete dominion over its region 
of space. One of the reasons Pluto 

was reclassified as a dwarf planet was 
because it was said to have not ‘cleared 
its orbit’ - in other words, there are 
smaller bodies from the Kuiper belt 
that orbit the Sun close to Pluto's orbital 
zone. However, this has caused great 
debate because it could be argued that 
several other planets have not cleared 
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their orbits, including Jupiter which has 
the Trojan asteroids that precede and 
follow Jupiter in its orbit 60 degrees 
ahead or 60 degrees behind. 

However, the Trojans are ushered 
into these locations by Jupiter's 
gravity and so it is argued that the 
gas giant still has control over them. 
Another case is Neptune, which hasn't 
completely cleared its orbit because 
Pluto actually crosses it. However, the 
dwarf planet crosses the ice giant’s 
path in such a way that they can never 
collide, so Neptune has cleared its orbit 
of anything that it could run into. GL 
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If the Moon is moving away 
from Earth, when will we 
stop having solar eclipses? 


Stephen Repper 

It is true that our lunar 
companion is moving away from 
the Earth and is doing so at a 
rate of around 3.8 centimetres 
(1.5 inches) per year. This means 
that, eventually, the Moon will be 
smaller than the disc of the Sun, 
as seen from Earth, and we will 
stop seeing solar eclipses. 

In order for this to happen, the © 
Moon's apparent size will need to” 
decrease by a couple of per cent. 
This won't happen for around 
500 million years - thankfully, 
we will be seeing these fantastic 
events for some time to come. JB 
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All the stars visible in the sky 
are moving by extremely small 
amounts and in different directions 


Will the 
constellations 
ever break 
apart in the 
future? 


Matthew Long 
Yes, although it won't be in our 
lifetimes. All the stars that we 

see in the sky are moving by 

tiny amounts and all in different 
directions. Over the course of 
hundreds of thousands of years, 
the constellations will distort and 
the stars will move apart. For 
example, the Plough, also known 
as the Big Dipper, will lose its 
famous saucepan shape, with the 
pan becoming triangular in around 
50,000 years time. For the same 
reasons, when dinosaurs ruled the 
Earth, the constellations would 
have also been very different. Stars 
also don't last forever - when the 
supergiant star Betelgeuse in Orion 
one day explodes as a supernova, 
the constellation won't ever look 
the same again. GL 


Questions to... @ @spaceanswers f /AllAboutSpaceMagazine @ questions@spaceanswers.com 





72 





www.spaceanswers.com 





aay ma Ie ae 


Would Ibe able to 
see the stars from the 
surface of Mars? 


James Tippett 

Our current understanding of the 
Martian atmosphere suggests that, just 
like here on Earth, you would be able 

to stargaze once the Sun had set. Mars 
would probably make a very good place 
to observe the heavens as you wouldn't 
have to worry about light pollution from 


cities or roads. The stars would, however, 


appear to move differently to those on 


Earth, this is due to a different axial 

tilt on Mars. Not only would the path 

be different, but the stars would be in 
slightly different places. Mars’ north pole 
does not point at the star Polaris like 
here on Earth. It points at a gap in space 
roughly between the constellations of 
Cygnus and Cepheus. This would result 
in a separate seasonal group of stars to 
that seen on our planet. JB 
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THE LOST 
ICE GIANT 


Meet the freezing ee that was 
kicked out of our Solar System 


WORLD'S 
BIGGEST ROCKET 


How the most powerful launch 
system will land us on Mars 


NIGHT SKY 
DIARY 2016 


Don't miss next year's 
must-see stargazing events 





Would it be fatal if the universe's dark 
energy disappeared? 


John Hornet 

It could collapse in on itself. Dark 
energy’'s true nature still remains 
somewhat of a mystery to us. We are 
not sure exactly what dark energy is 
but we do know what it does. With 
our current understanding of the 
universe, dark energy provides the 
energy needed to power the universe's 
expansion. Evidence shows that the 
universe is expanding, to do this there 
needs to be an energy source to power 









it. We do not know what this energy 
source is, so dark energy is the name 
given to this mystery source. If all dark 
energy was removed from the universe, 
under our current understanding, the 
expansion of the Universe would cease. 

Without dark energy we are not 
aware of any process that would stop 
the universe from being pulled back 
together by gravity. This would result 
in the cosmos' eventual collapse, which 
is known as the ‘Big Crunch’. JB 


NEXT YEAR'S MISSIONS 
SEE MERCURY ATITS BEST 
VENUSIAN SPACE PLANES 
SUN-WATCHING SOHO SPACECRAFT 
EXCLUSIVEINTERVIEW: 
ASTRONAUT TIM PEAKE 
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oa Become an 
‘astronomer ~ 
Get fo know yeur ralesee cae 
_-and the amazing might skies 






Written by Peter Grego 


A wonderfully rich, diverse and 
tewarding selection of celestial 

delights awaits those who take the 

time to get to know the night Se 

In the last issue we saw how you 

can take your first steps in exploring 

the amazing variety of objects and - 
phenomena visible in the skies. =- 

Here we look more closely at the 
practical side of being an active 
astronomer. We'll explore telescopes 
and their many useful accessories 
- how they work, how to maintain 
them and how to use them to 
maximise your enjoyment. We'll 
discover how to get to know objects 
in the night sky more intimately, _ 
from Solar System objects such as raat 
Moon and bright planets, to deep-sky 
objects that lie far beyond our own 
cosmic backyard. ; 

Once you've learned the main ’ 
constellations visible from your 
location throughout the year, noting 
the constant position of the north 
celestial pole (identified with Polaris, 
dalom melee) ecto mi OleMlmc ele lem rina lir lay Ac 
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i-py? Launch | 
| camera into Coy (a -M =a 4 ae 


Take your own video or * 
“stills on the edge of,space . * 
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telescope and the amazing Vera of objects, that it race Baca tec. 


yourself with the apparent movement 
of the celestial sphere (caused by 
Earth’s rotation) and the slow seasonal 
procession of the constellations as . 
they drift from west'to éast, hour by 
hour, day by day.,You'll also notice 
that as the Moon and planets drift 
PVaneveleMa CRS TecMad ayaa le ao Ccans 
closely to a band of sky known 2 

as the zodiac - constellations that 
include Aries, Taurus, Gemini, Cancer, 
Leo, Virgo, Scorpius, Sagittarius, 


_Capricornus, Aquarius and Pisces. 


Running through these constellations 
is a line known as the ecliptic, 

the apparent annual celestial path 
followed by the Sun. Since the Moon 
and planets orbit the Sun in roughly 
the same plane, they follow the same 
general path among the stars. 

The Moon is, of course, big enough 
and bright enough to be enjoyed 
through any instrument. Of the Solar 
System's eight recognised planets, 
five of them (the so-called ‘classical’ 
planets of antiquity) are bright 
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small illuminated disc that shows 
surface and/or atmospheric detail. 

PW cNleVelnanuidemda(cieis\erietalen 
‘of the sky's main constellations ard 
i geMoyale4 nS E-VES Mat lmsona(-Momde(sanl whee: 
contain can be gained by usinga good «” 
planisphere, star chart or computer 
program. As your confidence in : 
CeColatatanelem det-Maat-tieMeoosttlE aleve 
bright stars and smaller patterns 
(known as asterisms) grows; you 
will become aware of a number of 
deep-sky objects - exotic, far-away 
creatures like star clusters, multiple 
(and coloured multiple) stars, clouds sat 
of dust and gas known as nebulae, , Pa ae 
and other galaxies that lie far beyond 
our own Milky Way. ; 

Virtually every astronomer begins 
their celestial quest by sampling the 
best and brightest delights on offer by 
the night skies, grounding themselves 
in the reality of what can, and what 
cannot, be seen through their ey 
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: TARGAZER 


Getting to know your telescope 


From our own cosmic backyard to objects far beyond our own galaxy, 
your instrument will reveal countless wonders of the night sky 


The larger a telescope's aperture (its 
main lens or primary mirror) the more 
light is collected and the more detail 
is revealed. For example, a 200mm 
aperture collects four times more 

light than a 10OOmm telescope. Under 
ideal conditions a 1OOmm telescope 
reveals stars down to magnitude +11.8, 
while a 200mm telescope will show 
stars down to magnitude +13.3. A 
100mm telescope will ‘split’ a double 
Star separated by 1.5 arcseconds and 
resolves a 3-kilometre (1.86-mile) lunar 
crater - however, a 200mm telescope 
resolves a crater just 1.5 kilometres 
(0.9 miles) across and a double star 
Separated by just 0.6 arcseconds. 
Resolution is limited by the telescope’s 
optical quality and the steadiness of 
the Earth's atmosphere. 

Telescopic magnification depends 
on the telescope's focal length (the 
distance between the objective lens 
and focus point of the light it collects) 
and the focal length of the eyepiece 
used. Magnification is calculated by 
dividing the telescope’s focal length 
by the focal length of the eyepiece. 
For example, a 100mm telescope with 
a focal length of f/8 (eight times the 


telescope’s aperture) has a focal length 
of 800mm; used with an eyepiece of 
10mm it will deliver a magnification of 
80 times (800 divided by 10). 

The range of useful magnification 
depends on aperture and the focal 
length of both the telescope and the 
eyepiece. Too low a magnification 
will waste light, as the ‘exit pupil’ of 
the eyepiece will be larger than the 
diameter of the pupil of your dark- 
adapted eye. As an average, the adult 
pupil will dilate to 7 millimetres (0.3 
inches) in dark conditions. Therefore 
the exit pupil delivered by an eyepiece 
ideally needs to be smaller than this, 
especially when viewing faint objects, 
so that the telescope can take in all 
the light. Exit pupil can be calculated 
by dividing the telescope's aperture by 
the magnification of the eyepiece. 

Equatorial mounts allow celestial 
objects to be tracked as they appear to 
move across the sky, but they require 
initial alignment with the celestial 
pole. Once the polar axis is aligned 
with the celestial pole, an astronomical 
object centred in the field can be 
kept there by manually moving the 
telescope from east to west in pace 


with the apparent movement of the 


sky using the telescope's slow motions, 


or, in the case of driven telescopes, 

by automatic means. With a standard 
German equatorial mount, ensure that 
your telescope is properly balanced, 
adjusting counterweights to balance 
the weight of your telescope. Loosen 
the axes clamps on the telescope 

and ensure the telescope's weight is 
centred on its own axis. Once the right 
balance is found, it should respond to 
a light touch in the desired direction 
without tipping of its own accord. 

The polar axis of an equatorial 
mount needs to be pointed towards 
the north celestial pole. If you have a 
portable instrument and set it up from 
scratch each session, you'll probably 
be content with pointing it towards 
the bright star Polaris, which lies 
conveniently near the celestial pole. 
Align the polar axis in both compass 
direction and angle of inclination, 
both of which can be adjusted on 
all types of equatorial mount. This 
can be achieved at a basic level by 
simply squinting along the polar axis 
so that it’s pointing in Polaris’ general 
direction. This will allow you to lock 





onto the object's altitude (clamping 
the RA axis) so that celestial objects 
can be tracked in the field of view for 
half an hour or so. If your mount isn't 
electronically driven, an object can be 
followed as it tracks from east to west 
by simply nudging the telescope (or 
by using slow-motion controls) in one 
direction. A motor drive will permit a 
‘hands-off’ experience, enabling you to 
perform astrophotography. 

Many instruments - particularly 
Schmidt-Cassegrain Telescopes (SCTs) 
and Maksutov-Cassegrain Telescopes 
(MCTs) - are alt-azimuth-mounted (fork- 
mounted) computer-driven devices 
and can keep objects centred in the 
field of view by gradually adjusting 
the telescope on both axes of rotation. 
They require their own special 
methods of set-up depending on the 
system used, whether it's a simple 
tracking device, a GoTo instrument or 
GPS-enabled system. 

If all of this sounds a little daunting, 
remember that there's plenty of online 
advice from astronomical societies, 
various forums and discussion sites - 
astronomers are a friendly bunch and 


Telescope 
troubleshooting 


The view through my eyepiece doesn't 
match the view through the finderscope 
Make sure that the finderscope is accurately aligned 
with the main telescope. During the daytime locate a 
small, distant object in the main telescope's eyepiece 
(preferably using a low magnification) and then 
carefully adjust the finderscope so that its cross hairs 
are also centred on that object; lock it into place using 
the adjustment bolts. 





Stars near the edge of the field of view 
appear distorted 

Known as ‘coma’, this particular distortion becomes 
apparent in reflectors of short focal length. However, 
distortion can also occur because your reflector's optics 
aren't aligned properly. Make sure that you are familiar 
with how to collimate your reflector by adjusting the 
angle of your primary and secondary mirror - this isn't 
difficult, and there are several techniques that can be 
used to do this. 
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The Moon, bright planets and bright stars 
all have coloured fringes, despite being in 
sharp focus 

Known as ‘chromatic abberation’, some degree of 

false colour is unavoidable in many refractors (even 
‘achromatic’ refractors), particularly those of short focal 
length. However, also make sure that your optics are 
clean and free of dirt, dust, grease and dew, and use a 
good quality eyepiece. 


Stars look like blurry blobs 

It's likely that you haven't focused the image properly. 
Make sure that your eyepiece is firmly in position in the 
focuser and carefully adjust the focus. If the blur gets 
bigger, twist the focussing knob in the other direction 
until the stars appear as sharp points of light. 


My optics have dewed-up 

Don't wipe it off! This can scratch the surface of any 
optics. Instead, take the telescope indoors and allow 
the dew to evaporate; alternatively, use a hairdryer to 
gently dry the optical surfaces (making sure to keep 
the warm air at a respectful distance from the surface 
of your mirror or objective). You can also prevent dew 
from forming by investing in a heated ‘dew controller’. 


AES 





only too willing to help beginners. 
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® Finder telescope 

Set up parallel to the main 
telescope, this has a wide 
field of view so that objects 
can be located and centred 
in the main eyepiece. 


Refractor 












Eyepiece ® 
Magnifies light 
from the telescope 
objective lens, 
forming an image 
that can be seen. 










® Objective lens 
Collects and focuses 
light to a point along 
the optical path. 





















Dew shield ® 

Helps reduce the formation 
of dew on the objective lens 
and prevents stray light from 
entering the optical path. 


Focuser @ 

Small adjustments 
move the eyepiece so 
that the object in view 
comes into sharp focus. 


Star diagonal ® 
An accessory that uses 
either a mirror ora 
prism to bend the light 
at right angles into 
the eyepiece, giving 
a more comfortable 
\\ viewing position. 





Catadioptric 


Meniscus lens @ 
Located at the top 

of the tube, this lens 
adjusts the light path 
onto the primary 
mirror, which in turn 
reflects light back up 
the tube onto a reflective 
spot on the inside of the 
meniscus lens; light is again 
reflected, back down the tube 
and through a hole in the primary 
mirror to a focus. This folded 
system allows a long focal length 
to be contained in a deceptively 
short tube. 





@ Computer handset 
With its built-in computer, 
this hand control allows 
the user to select from 
thousands of celestial 
objects visible above the 
horizon; the telescope 
will automatically slew 

to any one of these, 
centring the object in the 
— field of view. 





Catadioptric @ 
telescope 
A telescope that uses 
a combination of 
lenses and mirrors ., 

to collect and focus ¢ 
light. This model is a 
Maksutov-Cassegrain. 





Accessories panel @ 
Contains sockets for attaching 
the electronic handset and 
other accessories, such as 
electronic focusers, dew 
heaters, computer cables and 
external power stations. 
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® Tube rings 

These hold the telescope 

4. tube firmly on the 

= declination axis; they can be 

loosened slightly to either 

adjust the balance of the 

telescope or to rotate the 

tube to position the eyepiece 

for more comfortable 

viewing. They can be 

unclamped altogether 

® Primary mirror _ so that the telescope 
Located at the ee ts H. can be unattached 
bottom of the — P “WS. from the mount. 
telescope tube, this = 
mirror collects light, SN 
reflecting it back up 
the tube towards the 
secondary mirror. 


Reflector 





Polar axis © 

The polar axis 
requires adjusting 
so that it points 
towards the north 
celestial pole. 


Secondary mirror ® 
A small, flat mirror 
mounted on a ‘spider’ 
at the top of the tube; 
angled at 45 degrees, it 
reflects light collected 
by the main mirror out 
of the side of the tube 
and into the eyepiece. 


i 








Counterweight @ 
Weights on one side 

of the declination axis 
that balance the weight 
of the telescope tube. 


7, @ German 

\\,\ equatorial mount 
The most common type 
. \. of equatorial mounting 
\.\ for a telescope. 





How to polar align your telescope 


An accurately-aligned equatorial mount will enable celestial objects 
to be tracked as they move from east to west across the sky 


Adjust the Align the 
mount polar axis to 
Once your telescope point north 


is placed in a suitable 
position, adjust the 
legs of your telescope 
tripod to make the base as near to 
horizontal as possible. Many mounts 
have built-in spirit levels to achieve this 
with little difficulty. 


On most equatorial 
mounts, the direction 
- in which the polar 
axis is pointing can easily be adjusted. 
Due north can be found using a regular 
compass or using a suitable app on your 
mobile device. 





Adjust the Check the 
_—_ angle of the view 
polar axis To see if you have 


The angle of the polar 
= axis is adjustable on 
all equatorial mounts 


aligned the mount, 
turn the telescope 

. towards due north 
so the tube is parallel to the polar axis. 
Your finderscope will show Polaris in the 
field of view. Polaris lies just a degree 
away from the north celestial pole. 


Refinements can allow for greater 

tracking accuracy 
If you want your instrument perfectly aligned, you 
need to spend some time adjusting the telescope so 
that the polar axis is aimed precisely towards the north 
celestial pole. Unless you have a top-notch mount and 
want to set it up permanently, the work required to do 
this properly isn't worth the effort! 





- many have built-in altitude scales 
showing the inclination of the axis. 
The correct angle corresponds to your 
terrestrial latitude. 
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Step 24 





Touring the Solar System 


From the Moon's majesty to the wonders of the planets, the 
Solar System offers much to the vigilant astronomer 


Wherever you live, each clear night 
usually presents an opportunity 

to observe a variety of objects and 
phenomena within the Solar System. 
Viewing the Solar System's most 
prominent objects is far less hampered 
by the detrimental effects of light 
pollution than it is attempting to 
glimpse faint deep-sky objects. 

Being so near to Earth, presenting 
such a large and bright target, the 
Moon's varied marvels can be enjoyed 
from virtually anywhere through 
any optical aid, from binoculars to 
telescopes of any size. Within the 
astronomer's reach are hundreds 
upon hundreds of craters of different 
shapes and sizes, dozens of impressive 
mountain ranges, a smattering of vast, 
imposing grey plains, plus countless 
ridges and valleys. 

A low magnification will take in 
the entire Moon - a pretty impressive 
sight - but if you want to view the 
lunar surface, or indeed discern detail 
on any of the planets, you'll need 
to use a magnification of at least 
100x. Under ideal conditions, your 
maximum practical magnification 
works out at about twice the diameter 
of your telescope’s aperture - say, 
150x on a 75mm telescope, 200x on 
a 100mm telescope and so on. High 
magnifications aren't easy to employ 


Solar System 
observing toolbox 


V Suitable eyepieces, giving a range 
of magnification between 50x (for 
low-powered views of the Moon and 
planets) to the maximum practical 
magnification for your own particular 
instrument (up to a maximum of 
400x for large instruments). 


V Barlow lens - effectively doubling 
the variety of magnification given by 
your eyepieces. 


V Planetarium program and/or 
astronomical ephemeris. This will 
inform you of many useful facts, 
such as features visible on the Moon 
and Mars at the time of observation, 
the configuration of the moons of 
Jupiter and Saturn and so on. 
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if you have an undriven telescope, as 
the object will appear to move faster 
across the field of view the more 
magnification is used - 100x is about 
right. A driven telescope eliminates 
the need to manually track the object, 
allowing higher magnifications to be 
used more effectively. An accessory 
called a Barlow lens is most useful 

for this - a 2x Barlow will effectively 
double the magnification delivered by 
any eyepiece. 

Mercury and Venus both circle the 
Sun within Earth's orbit, and neither 
planet appears to stray very far from 
the Sun. Both Mercury and Venus 
display a sequence of phases during 
each elongation from the Sun, as well 
as changes in their apparent diameter, 
all of which can be followed through 
a small telescope. Detail on Mercury's 
surface is very subtle and requires 
good viewing conditions. Your next 
best chance to view Mercury is from 
mid to late December, hanging low 
above the southwestern horizon after 
sunset and shining at a respectable 
magnitude of -0.5. 

Venus is shrouded in a dense 
atmosphere, but occasional cloud 
detail can be made out on the planet’s 
dazzling disc. Venus is a prominent, 
brilliant object in the morning skies 
during November and December - 


How to work out 


you really can't miss it, since it’s the 
brightest object in the southeastern 
Skies in the hours before dawn. During 
this period the planet’s appearance 
changes as it grows from around half- 
illuminated to a large gibbous phase. 

Further out, Mars presents a 
fascinating object through the 
eyepiece, particularly when the planet 
is nearest Earth (which happens every 
couple of years). The Red Planet's 
surface shows a patchwork of bright 
dusky desert tracts, plus brilliant polar 
caps, while dust storms and clouds 
can occasionally be seen in Mars’ 
atmosphere. During November and 
December Mars climbs ever higher 
above the southeastern horizon, a 
morning object that appears as a 
bright red star. It moves close by 
Venus in the early days of November 
and heads westward. Telescopically 
you'll discern a very tiny disc, but it’s 
too small to recognise any real Martian 
detail right now. 

Jupiter, the Solar System's giant 
planet, is fascinating to observe. The 
planet's thick gaseous atmosphere is 
always a tumult of activity - there's 
always something going on in 
its parallel dusky belts and 
bright zones, from spots, 
storms and festoons - and 
you'll see detail on its broad 













your magnification 
The magnification given by any particular 
telescope depends on the focal length of 
the instrument (the distance between the 
objective lens or primary mirror and the 
point at which it focuses light) and the focal 
length of the eyepiece used. Simply divide 
the focal length of the telescope by that of 
the eyepiece (using the same units for both, 
say millimetres). All eyepieces and most 
telescopes have the focal length information 
written on them, so it shouldn't be hard to 
find. Focal length is sometimes expressed 
as an ‘fnumber' - this is simply a multiple 
of the telescope's aperture. For example, a 
100mm f/8 telescope has a focal length of 
800mm, while a 200mm f/10 telescope has 
a focal length of 2,;000mm. 


disc through virtually any telescope. 
Jupiter boasts four particularly bright 
moons, and their orbital dance about 
the planet can be followed even 
through binoculars. Jupiter precedes 
Mars in the morning skies, a bright 
object high in the southeast before 
dawn and due south at around 6am 
by mid-December. 

Saturn is renowned for its gorgeous 
ring system. Right now, the rings 
are wide open and easily discerned 
through virtually any telescope, 
presenting a sight that never fails to 
impress the telescopic viewer. Subtle 
belts and zones can be seen in the 
planet's atmosphere, but activity is 
far less noticeable than on Jupiter. 
Distinct differences in brightness 
within the rings can be made out, 
along with a narrow division between 
the main rings known as the Cassini 
Division. You'll also notice the shadow 
of the rings on Saturn's globe and the 
shadow of the globe on the far side of 
the rings. Saturn gradually emerges 
into the morning skies during 
December, although by the year's end 
it is pretty low above the 
southeastern horizon 
» before dawn. Viewing 
| circumstances 
§ improve through to 
» the New Year. 
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Planets through your telescope 


WW ielee tl ay 

. Date & time visible: Mid-to- Be 
' December, low southwest in the 
em AW An 
Magnitude: -0.6 to.-0.5 
Constellation: Sagittarius 


‘Right ascension: 18h 37m to 20h 05m 


Declination: -25° 27' to -21° 13' 





Venus 


Become an. astronomer (Part 2) N 


Mars 


Date & time visible: Tee are? Maroy ered 
December, above southeastern horizon 


TRUE mule tulle fel cel 
Magnitude: +1.7 to +1.3 
Constellation: Leo to Virgo. 
Right ascension: 11h 35m to 13h 46m 
Declination: 4° 10' to -9°'19' 





po 





ed 


Jupiter | 











Date & time visible: November through 
December, above east/southeastern . 
horizon in the early hours, before oa 
Magnitude: -4.3 to -4.1 


Date & time visible: Throughout 
November and December, high 
above the south east and south in 
morning skies. 





Constellation: Leo, through Virgo, Rey Magnitude: -1.8 to -2.2 
Scorpius.and into Ophiuchus Constellation: Leo 
Right ascension: 11h 31m to 15h 57m : Right ascension: 11h 12m to 11h 36m 


Declination: 3° to -21° L Declination: 6° 14' to 3° 57' 





All about filters 


Moon filter 

Moon filters simply reduce the 
amount of glare, giving greater 
contrast and enabling more lunar 
surface detail to be seen. 


Green (W58) 

Enhances subtle atmospheric 
features on Venus. Brings out 
contrast on Mars, brighter areas of 
Jupiter and greater detail in Saturn's 
cloud belts; however, the relatively 
low light transmission of this filter 
means that it's best employed on 
larger telescopes. 


Orange (W21) 

Useful for detecting Martian dust 
storms and enhances Jupiter's red 
features and the Great Red Spot. 
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Yellow Green (W11) 


Improves the visibility of darker features 
on Mars, Jupiter and Saturn. 


Light Red (W23a) 

Ideal for use when viewing Mercury and 
Venus in twilight/daytime conditions by 
increasing contrast with the sky. Because 
of the relatively low light transmission of 
this filter, it's best used to sharpen night- 
time views of Mars, Jupiter and Saturn 
using a larger instrument. 


Yellow (W12) 

Enhances visibility of Mars’ polar caps 

and blue Martian clouds, brings out 
brighter desert regions. Improves visibility 
of red/orange features on Jupiter (and 
Saturn) and darkens the bluish festoons 

in Jupiter's equatorial region. 
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Delving into deep sky 





Located far beyond our own Solar System, thousands of deep-sky objects are within 
easy range of the astronomer armed with a telescope and a passion to hunt them down 


Deep-sky objects include double and 
multiple star systems (some of them 
with vivid contrasting colours), open 
star clusters containing hundreds of 
individual stars and vast, concentrated 
assemblages of stars known as 
globular clusters. Many delightful 
nebulae can be discerned - glowing 
clouds of gas and dust sprinkled 
throughout our own galaxy, evidence 
of star birth, stellar evolution and even 
the death of stars. Far beyond the 
Milky Way lie countless other galaxies, 
many of which can be seen through 
the telescope eyepiece. It is amazing 
how much of the wider universe can 
be seen from our humble planet Earth. 
Most star atlases, maps and 
computer programs display the 
positions and names of a huge variety 
of deep-sky objects. A great guide to 
refer to is the Messier list of deep-sky 
objects. Compiled in the late 18th 
century by French astronomer Charles 
Messier, the list comprises an eclectic 
mix of no fewer than 110 deep-sky 
objects visible from the northern 
hemisphere, and all are prefixed with 
the letter ‘M’. 40 Messier objects are 


galaxies lying far beyond our own. 
30 are open clusters - gravitationally- 
bound collections of stars, many of 
them relatively young in cosmic age. 
Twenty-eight are globular clusters 
- vast conglomerations of stars that 
form a halo around our own galaxy. 
Seven are nebulae - clouds of dust 
and gas within our Milky Way. Four 
are planetary nebulae - gas and dust 
puffed out from senile stars. One is a 
supernova remnant - the debris left by 
a star that exploded. 

Messier's list is a great introduction 
to deep-sky observing but it's by 
no means exhaustive - it doesn't 
incorporate multiple stars and many 
star clusters, nebulae and galaxies 
visible through amateur telescopes. 
Many more deep-sky objects are 
listed in the NGC (New General 
Catalogue of Nebulae and Clusters 
of Stars) compiled by John Dreyer in 
1888. Hundreds of these NGC objects 
are within the reach of someone 
armed with a good telescope in the 
UK, a number of them brighter and 
more visible than Messier objects. 
Hunting for deep-sky objects armed 


How to star hop 


Select a suitable star chart 

The chart should clearly show the 
skies to a reasonably large scale and 
the positions of the brightest deep-sky 
objects. Consult the chart using a red 
torch to keep your eyes dark-adapted. 


Identify your targets 

Think about the deep-sky objects’ 
magnitude and height above your visible 
horizon - a high deep-sky object will be 
more easily seen than one buried in the 
atmospheric murk near the horizon. 


A suitably-scaled template 

Draw a circle onto transparent plastic 
to create a simple reference template. 
When placed on the map, this should 
approximate to the field of view given by 
your finderscope or telescope eyepiece. 


Plan your star-hop 
Use the template to identify the 


nearest bright star to the deep-sky target. 


Most deep-sky objects lie within a few 
degrees of a naked eye star, so use this to 
find the best way to hop between stars. 
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Adjust orientation 

Your star chart may not match the 
actual orientation of the view through 
your telescope. If it's ‘back to front’ or 
‘upside down’, scan your star chart and 
adjust its orientation on your computer. 


Get star-hopping 

Using your plan, locate your stellar 
stepping-stones and hone-in on your 
celestial quarry using your finderscope 
or low-power telescopic view, checking 
your progress with your star chart. 


Zero-in 

The finderscope’s aperture may be 
too small to show your deep-sky target. 
If your finder and telescope are properly 
aligned, the deep-sky object should be 
centred and visible in the eyepiece. 


Use more magnification 
Once the deep-sky object is 
found and centred in the field of your 
telescope’s eyepiece, you may want to 
use more magnification if it looks tiny - 
this will enlarge it and increase contrast. 


with just a star map and telescope 
requires a reasonably good star chart 
and a modicum of patience. The 
hunt itself - without the assistance 
of a push-button computerised go-to 
facility - is the draw to observing. It 
can be frustrating at times, but when 
success is attained, the rewards are 
tremendously satisfying. 

When searching for faint deep-sky 
objects it’s important to be dark- 
adapted so that your pupils are dilated 
to their maximum, thus enabling 
the most light to be seen. The darker 
the observation site (preferably 
without obvious light interference 
from domestic, civic and commercial 
lighting) the more fainter objects can 
be seen. In the dark, pupils dilate to 
their maximum size of 7 millimetres 
(0.3 inches) in an adult, allowing the 
maximum amount of light into the 
eye. Stargazers can take advantage of 
dark adaptation, but it takes time. Step 
outside from a bright room into a dark 
backyard and it may be difficult to see 


able to see stars to the limit of your 
vision. But be warned! Any bright light 
- be it car headlights or a neighbour's 
‘security’ light - will instantly ruin 
your dark adaptation. 

In bright light, colour can be 
distinguished because the retina’s 
colour-sensitive cone cells are 
triggered. But in dim light, only the 
rod cells, concentrated around the 
outer edges of the retina, are activated. 
The rods can't distinguish colour, and 
they have less resolving power than 
the cones, so deliver less detailed 
images. A dim object, such as a diffuse 
nebula, may be difficult or impossible 
to see when it is looked at directly. 
Through the eyepiece, a faint object 
appears brighter and shows more 
detail if you direct your view slightly 
to one side of the object, so that light 
falls on the rods - known as ‘averted 
vision’. Each eye has a ‘sweet spot’ of 
maximum rod sensitivity to dim light 
- if you're looking through your right 
eye, look slightly to the right of the 


any stars at first. After a while, stars 
will become clearer, and after about 
half an hour in darkness you will be 


dim object, and if using your left eye, 
look slightly to the object's left. It’s a 
pretty effective technique. 





Deep sky 
observing toolbox 


V Astar map or mobile app that 
displays suitable deep-sky targets. 








V Aselection of eyepieces 
delivering a range of magnification. 


V Ensure that you are in as dark 
a site as possible and that you 
allow some time for your eyes to 
become fully dark-adapted. 
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TFhe.-Andromeda Galaxy (M31) 

Object type: Spiral Balaxy~ 
Magnitude: +3.4 
Constellation: Andromeda 
Minimum optical aid: Naked eye 
Ure Reel) 
of Andromeda _ 
Andromeda is a conspicuous 
constellation to the northeast of the 
famous ‘Square of Pegasus’ asterism. 
2 Centre the star Beta Andromedae 
Beta And (Mirach) is an easily-located 
naked-eye star found at magnitude +2.1. 
3 Hop across to Mu Andromedae 
Mu And (magnitude +3.8) is also a 
naked-eye star, less than 4 degrees 
northwest of Beta And. 
4 Hop over to Nu Andromedae 
Shining at. magnitude +4.5, this star is.an 
easy target. The Andromeda Galaxy is 
located just one degree to its northwest 
and appears as a cigar-shaped glow. | 


ter 

>, Open star cluster 
Cd . 

ses Globular cluster 


re >) de ce 


‘@' Supernova remnant 


oO Planetary nebula 


Gemini 


Canis 
Minor 


ie) 


Object type: Globular at 


Magnitude: +7.5 
Constellation: Pegasus . 
Minimum optical aid: Binoculars . 


1 Observe in early evening 


During November and-December Nice is . 
high above the south-western horizon i in 


ere Aad alate 


PA lee mele lel 
Find your bearings by identifying the. ; 
Square of Pegasus asterism. 


mee Tt) ae 2 te Ly 

_7 degrees southwest of the lower 
right Square of Pegasus (Alpha Peg, 
magnitude +2.5) you'll find Zeta Peg 


Fiat fel +3.4), an easy naked-eye star. 


4 West to Epsilon Pegasi 

ON t eR LILA (eae lies near 
Pegasus’ southwestern border, some 14. 
degrees west of Zeta ace and is the 
py ara esl St] lest ce 
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Blue Snowball (NGC 7662). 
Object type: Planetary nebula ~~ 
Magnitude: +9.0 . 
Constellation: Andromeda 
Minimum optical aid: 10Omm telescope 


Pee ig- Kappa Andromedae 
Kappa And shines at magnitude +4.1 and 
is visible with the unaided eye. 


2 Hop over to lota Andromedae 
lota And (magnitude +4.3) is just a degree 
south of Kappa And, and can be.seen 


without any optical aid. 


3 Locate 13 Andromedae 
This, star (magnitude +5.8) lies two 
degrees west of lota And. 


4 Move across to the Blue 

Snowball nebula 

A short hop south of just half a 

degree brings you to this delightful 

little planetary nebula. Ramp up your 
magnification to about 100x to ety its 
non- -stellar appearance. 


NGC 752 
| Object type: Open cluster 


’ Magnitude: +7.6 


Constellation: Andromeda 
Minimum optical aid: Binoculars 


‘1 Locate Gamma Andromedae 


Gamma And (Almach, magnitude +2.1) is 
a naked-eye star in eastern Andromeda. 


. 2Moveacross to 55 Andromedae 


This star (magnitude +5.4) lies over 2 


_ degrees southwest of Gamma And, and 


forms a south-pointing triangle with two 
fainter neighbouring stars. 


3 Follow the arrow 
‘Moving south by three degrees 


' (following the direction of the triangle) 


will bring you to a star-rich region of sky. 
4 Centre 56 Andromedae 


- Shining at a magnitude of +5.7, 56 
. And, and a close neighbour of similar 


brightness, are the most prominent stars 
in the'vicinity of NGC 752. 


ee 


ar 


Cetus 


Double Cluster 

Object type: Bright twin open star 
alist 
Magnitude: +4.0 _ 
ery CIE lses Masi : 
Minimum optical aid: Naked eye 


| eantrs Pie ale 
Alpha Per (Mirfak, magnitude +1. 8) i or 
bright:naked-eye star. 


2 Move across to Gamma Persei 
Shifting your field of view by less than5 
degrees northwest brings you to naked- 
eye star Gamma Per (magnitude +2.9). 


ORG ic ae ey) 

Nay tn TM Ir) eR NS el ee | Per. 
(magnitude +3.8) lies just three degrees 
northwest of Gamma Per. 


4 Alight upon the Double Cluster 
The Double Cluster (h-and Chi Per) is 
found four degrees west of Eta Per. A 
low-magnification telescopic field, shows 
this twin star cluster blazing with light. 
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The Crab Nebula (M1) 

Object type: Supernova remnant 
Magnitude: +9 
Constellation: Taurus 
Minimum optical aid: 75mm telescope 


1 Aldebaran 
Use Taurus’ brightest star ANCE 
magnitude +0.8) to find your ee 


2 Leap east to Zeta cel 

Trace the line Aldebaran makes with 
the stars in the V-shaped Hyades open 
cluster by 15 degrees to find oe rele 


exe iw 4 le 

Zeta Tauri (magnitude, +2.9) Te Ta 
eastern Taurus. Once identified, use your 
finderscope to centre it. 


4 Slew north 
Just a degree north of Zeta Tauri lies a 


fainter star of magnitude +6.9 (called 


HIP 26328); easily seen through your 
finderscope. The Crab Nebula.lies half a 
degree to its west. 





Andromeda ° 
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The Pinwheel Galaxy (M33) - 


Object type: Face-on Sale) galaxy 
ae +7.0 
oleic eMNer lel ele 
Minimum optical aid: Binoculars 


1 site| Beet 


Wedged between Aries and 
Andromeda, Triangulum is one oi the 
smallest constellations. © 


PA eT Nig eRe WN ie mer ein 
Alpha Tri (magnitude +3.4) is the 
western-most star in the triangle that 
can be seen without an optical aid. 


3 Move across to HIP7906 

This star (magnitude +5.9) is just 2.5 
degrees west of Alpha Tri and is nad 
found through binoculars. 


4 Alight upon the Pinwheel 

The Pinwheel Galaxy lies less than 2 
degrees further west of HIP 7906. Due 
oN Me) AOL are) edn tao Mma eX 1) OL 
is best seen through binoculars. 


‘Oo 





NY io) 

Object type: Open cluster 
Magnitude: +5.5 
Constellation: Gemini 
Minimum optical aid: Binoculars 


pee Cent 

Mu Geminorum (magnitude +2.8) is. 
located in western Gemini and marks 
the foot of the twin Castor. - 


2 Over to Eta Geminorum 

Swing northwest from Mu Gem by a 
little less than 2 degrees and you'll find 
Eta Geminorum (magnitude +3.3). 


eRe ieee) 
Moving a further 2 degrees northwest 
of Eta Gem will bring you to M35. 


4 A beautiful cluster 

You can make out many individual eee 
in M35 using binoculars, but a 200mm 
telescope at medium magnification will 
show hundreds of stars, including some 
distinctly orange stars. 
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With modern technology, it is now 
possible to launch a video or still 
camera, or even a LEGO spaceship, 
high above the Earth's atmosphere and 
right to the edge of space, for relatively 
little money. This could make an 
excellent project for a school, college 
or club, as children will be especially 
excited with the idea. You will get 
pictures or a video that you'll want to 
keep and share. You could even have a 
Spaceman teddy bear! 

Before you begin, there are a few 
things you'll need and good planning 
is essential if your project is to be 
successful. There's information on the 
internet about how others have done 
this and it’s worth checking these out 
before you commit too much time 
and any money. It is very important to 
test all equipment thoroughly before 
launch and there are precautions you 
need to take to ensure safety. You will 
need the right weather conditions 
and a suitable launch site. Wind is 
unpredictable and you must make 
allowances for this, as your camera 







How to 
make your 
space 
balloon 


What you'll need: 


1 A balloon 

2 Helium 

3 A radar reflector 

4 A parachute 

5 Instrumentation 

6 Enclosure to protect the camera 
7 Permission from your closest 
aviation authority 
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Attach the parachute 

You will want your camera 

to have a soft landing, so a 
parachute capable of slowing the 


descent of your precious cargo to a 
crawl is extremely important. 
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will need to be retrieved - it could 
travel several miles from the launch 
site, so willing friends with cars or 
motorbikes would be most useful and 
a GPS tracker is an essential item to 
aid with this. Nearly all the equipment 
you will need is readily available, 
although you may have to hunt down 
the more specialist items on the web. 
You'll also need to do some careful 
calculations about how much helium 
will need to be used to lift your 
payload, so do seek help if you need it. 

Above all, you must contact the 
authorities such as the Civil Aviation 
Authority in the UK or the Federal 
Aviation Adminsitration in the USA (or 
similar in your country of residence), 
well before you launch your balloon, 
as it will almost certainly be crossing 
controlled airspace and the need to 
avoid aircraft is obvious. You must 
be careful not to launch near airports 
or military establishments for similar 
reasons. 

If you do decide to go ahead, have 
fun and remember to be safe. 


The right balloon 

You'll need to find a suitably-sized 

balloon that is capable of lifting 
your camera to the required height of 
around 27.4 kilometres (90,000 feet). 





Choose a suitable camera 


You can use a still or video 
camera, but make sure it is light 
and rugged and has a good battery 


life - the low temperatures up high can 


drain a battery very quickly. 


STARGAZER 
Launch a camera into space 


































Enlisting family and ents to help 
aldem fo bimer-lileroy eRe iee eMail Beet) cs 
the experience more fun 


Essential accessories 

A radar reflector is an essential, as 

the balloon will likely be crossing 
controlled airspace. Check with the 
authorities as to exactly what you need. 


The helium 

Helium can be bought from a 

supplier such as BOC in a suitable 
quantity. To keep costs down, be sure 
you are getting the correct amount. 


al 





Create an enclosure 

This can be made very cheaply 

from a polystyrene box and lots 
of newspaper. This will help protect the 
camera from the freezing temperatures 
during its flight. 


It's essential that you get aviation 

authority approval before you 
launch. Failure to do so could end up in 
you facing legal proceedings. Not a fun 
way to end a potentially exciting day! 


/ CAA or FAA Approval! 
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Preparing 






for launch 


Remember! 





You must seek approval from your local aviation authority at least 24 
hours before you plan to launch your balloon. Failure to do so could 
see you in court facing legal proceedings. Be safe and have fun! | 


Choose your launch site 

Your launch site will need to be fairly flat and without trees nearby if possible. 
You should also ensure that you have good visibility on the day you decide to 
release your balloon. 





= 
2. 





Test everything thoroughly Start early 

It's important that you check all the equipment you plan to use and then 3p flight could take two or three hours. You should give yourself plenty of 

test it again right up until you launch your balloon. You'll be extremely time to set things up calmly and not at the last minute. If you find yourself 
disappointed if something fails because you didn't test it more than once. rushing, then you're more likely to make a mistake. 


Fie 





Do things in a logical order 5 Check the weather 


A Have a checklist of what you need to do and when. Turn the camera on The weather can make the difference between success or failure of your 
at the last moment before launch, for example - this will ensure that you mission. High winds in the stratosphere could blow your camera out to sea, 
preserve the battery for high-altitude filming or shooting. so ensure that you have a good idea of weather conditions beforehand. 
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Check the sky is clear 
Be aware of any flight paths in the area where you are intending to launch. 
If the Aviation Authorities for your local area give you a specific time to 
launch, you should make every effort to ensure you don't miss the window. 





Have a plan for collecting your camera. You should be prepared to do some 
driving to fetch it or have friends who are willing to help. Always make sure 
that you seek permission if you have to go onto private land to retrieve it. 


/ Recovering the camera 


ATVpidebdelepetcdoim@ elamvelrmaeltiemeas 
outside the Earth's atmosphere 
and capture some impressive shots 
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Using the 
sky chart 





Please note that this chart is 
for midnight mid-month and 
set for 45° latitude north or 
south respectively. 


a ‘ 
Lacesta. 








Hold the chart above your 
head with the bottom of 
the page in front of you. 


es ete 
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Paqasus 


0 Face south and notice 
that north on the chart is 
behind you. 


The constellations on 


the chart should now 
match what you see in 
the sky. 


_  Angbochhd 
Leo Minor a 
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Chamaeleon 





roinus —_ “Betans Tu¢ana 


Trianguinm-Austhale 


‘ The Christmas Tree 
Cluster, NGC 2264 


The Great Orion 
Nebula, M42 


rr 
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a "a 1 > a. Tadpole Nebula (IC 410) : 








‘Cliris Grimmer * 
B Norwich, UK 
Telescope: Celestron C9.25 
Schmidt-Cassegrain & William Optics Sb! 
CHB raae ene): | 
"My route into astrophotography began 
at the pub a couple of years ago when I 
discovered that the landlord's son owned 
a-telestope. So, in the early hours of the morning, we headed 
outside to the car park to observe the night sky. _ 
"I soon paid a visit to my local astrongmical society and, 
the following day, bought my first scope. I have always been 
interested in photography, so it wasn't long before I had 
modified a cheap webcam to get my first picture of BIT Sea le 
was then that the astronomy bug really hit. | 
"From that point onwards, my kit was rapidly upgrading ; ”, A 
each month. Amusingly, all purchases appeared to bring heavy ; 
cloud with them, putting a stop to observing. A friend coined ° 
_the phrase 'Grimmer Fronts’, which now seems to be the 
standard name for clouds brought about by buying new kit!” * 








ATVs gota Nebula | “M ;, :" Jupiter 
(Caldwell 34) : . 
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Sarah & Simon Fisher 


Worcestershire, UK 
Telescope: Sky-Watcher Skymax-127 
Maksutov-Cassegrain 
“The night of the lunar eclipse, 
conditions were ideal with a Montage of 27/28 September 2015 lunar eclipse 
beautifully clear and crisp sky. We 
had such anticipation as we waited. 
Just after midnight we set up our Canon 600D and 
took a combination of shots with a 300mm lens 
and the camera attached direct to our Maksutov 
127mm scope. 

"We had an epic time observing and taking over 
300 photographs of the eclipse. As the Moon entered 
the penumbra and umbra phases, the stars just 
popped out and at totality the Moon turned a deep 
red - the Milky Way was stunning!” 










ee Horsehead Nebula (NGC 2023) 
' & Flame Nebula (NGC 2024) 
rE 
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. Graham Hard | } | 
— London, UK * 
' *~ Telescope: Sky-Watcher Explorer-250PDS ; ! 
' “T took up astrophotography baek in : * pb ar | 
ed ~ © April 2012. I soon realised that galaxies, be - 
vs ‘amongst other deep space objects such 
yt as nebulae, are very limited with regard 
. to viewable detail. This led me to begin : ' 
} looking at how to photograph these objects and it wasn't , a ' , : 
long until I was hooked. Now, I will often collect image " 


data exceeding 12 hours to produce my images. I love to 

shoot all aspects of the night sky: comets, planets, the Sun, 

the Moon and all galaxies and nebulae. * i 
“Given that the night sky is poor where I live in London, 

I am currently experimenting with narrow band imaging, 

which can improve the negative effects of light pollution.” ’ 
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stargazing 


Stores 


Tell us the story of how you got 

started in astronomy by e-mailing us 
at photos@spaceanswers.com for a 
Chance to feature in All About Space 


Maxwell Maltz 


_ Current rig 





"I first discovered the wonders of 
astronomy through my own curiosity. 
After missing large chunks of my 
school years due to suffering from 
chronic fatigue syndrome, it took a 
little longer to emerge as my life's 
passion. Immersed in a world of newly 
encountered information that filled me 
with an incomparable awe, I joined my 
local astronomical society, where I was 
elected as a committee member three 
years running, and | also enrolled on a 
Short distance-learning course. 

“I am now entering my third year 
of part-time study with the Open 
University, where I'm studying for a 
degree in Natural Sciences. Learning 
has given me such fulfilment that I 
don't see my academic life ending 
with my degree. I have ambitions, 
if my health allows, of studying 
for a postgraduate degree in either 
astrophysics or cosmology. I bought 
my first telescope just over two years 


Location: Torquay, Devon 
Twitter: @Max_ Maltz 
Info: Astronomer for three years 


Telescope: Sky-Watcher Explorer 200P Newtonian reflector 
| Mount: Canon EOS 1100D 


ago - a 200mm reflector. Despite the 
limitations of having a static mount, 

I quickly found a love for imaging 
near-Earth objects that require very 
minimal exposure time and I've since 
purchased a Baader solar filter in order 
to digitally capture the changing face 
of our Sun. 

“I took my first steps into deep-sky 
astrophotography in October 2015 
on a break at AstroAdventures in 
North Devon. With the kind help of 
the people there I used my DSLR on 
their motorised set-up to capture the 
Triangulum Galaxy (M33). I also spent 
a superb evening observing on their 
half-metre Dobsonian. 

“In November 2013, I took to the 
skies on a plane in search of the 
northern lights, accompanied by 
astronomy authors and presenters 
Pete Lawrence and Will Gater, I saw a 
spectacular auroral arc sweep across 
the Earth's surface.” 


Maxwell's top three tips 


1. Free online study 2. Use social media 
Follow astronomers and 
astronauts on Twitter 
and Facebook. You'll hear observing is done with 
scientific breakthroughs 
first, get an insight into 
their world and see 
stunning photographs. 


Many leading 
universities offer free 
courses in astronomy 
online. Check out sites 
like edX, Coursera and 
FutureLearn to get a 
taste of the night sky. 
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3. You don't need 
any equipment 
Some of the best 


the naked eye. Find a 
dark sky location and 
enjoy meteors, satellites 
and countless stars. 


ed 






"years away is part of our Local. 


“An aeroplane wing 
silhouettes the glow of the 
auroral arc. This image 
required a steady hand!” 


Wats een een (M33), 


Refel eR ont Raniccep rile selena My Sky-Watcher Explorer 


2OOP, with Baader solar 
filter, ready for some safe 
observing of the Sun” 









Group of galaxies” 





"Me with Professor of 
Astrophysics and Torbay 
Astronomical Society patron, 
Chris Lintott” 








www.spaceanswers.com 


“The ‘Super Blood 
Moor’ this autumn 
was a photographic 
opportunity not to 
be missed!” 


Rae aire Neate Boca 


- Nebula is the result of 15 x Cae 
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Orion Nebula really 

* Captures the beauty of 
« 








the universe” 


“Me and my son, Thomas, with 
the Altair Wave 115ED. We share 
a passion for astronomy” 
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stargazing stories 


David Pickles 


Location: Yeovil, Somerset 
Twitter: @David_ Pickles 
Info: Astrophotographer for 4 years 


Current rig 


“It was the return of Halley's Comet 
in 1986 that triggered my interest in 
the night sky. Aged 15 at the time, I 
still recall with fondness standing in 
the garden with my Dad, looking up at 
a faint fuzzy object in the sky, amazed 
that I was looking at an icy rock that 
had been travelling the Solar System 
for thousands, if not millions, of years. 

“Since then, my job as an Air Traffic 
Controller in the Royal Navy has kept 
me busy, but it has also provided me 
with some amazing opportunities - in 
particular, I will never forget seeing 
the Aurora Borealis (northern lights) 
for the first time from the fjords of 
Norway or the opportunity to gaze up 
at the Milky Way from the middle of 
the Indian Ocean, away from any trace 
of light pollution. 

“It was when my children started 
to develop an interest in space, thanks 
in part to Professor Brian Cox, that I 





Telescope: Altair Wave 115ED Triplet refractor 

Mount: Sky-Watcher NEQ6 Pro 

Other: QHY8L CCD, QHY IMG132E planetary camera, Starlight 
_ XPress Lodestar Guide Camera, Lakeside Motorised Focuser, 
Tele Vue 2" x2 Powermate, Teleskop-Service Off Axis Guider 


decided the time was right to invest 
in my first telescope - a Sky-Watcher 
Skymax-127. It was a great starter 
scope and I spent many nights in the 
back garden with my family, looking 
at the craters of the Moon, the rings 
of Saturn and more distant wonders, 
such as the Great Orion Nebula. 

However, when my son and I began 
to experiment with astrophotography 
four years ago, both mount and 
telescope went through a series of 
upgrades, culminating in my current 
setup - an Altair Wave 115ED refractor 
mounted on a computer controlled 
NEQ6 equatorial mount. 

It’s the technical challenge that 
I love about astrophotography - 
capturing photons that have been 
travelling through space for thousands 
of years and producing an image that 
reflects the true magnificence of 
our amazing universe.’ 


David's top 
three tips 


1. Learn from other astronomers 

Join your local astronomical society, or failing 
that, one of the many online forums dedicated to 
astronomy. Remember, there is no such thing as a 
stupid question! 


2. Be realistic about your achievements 
Lets face it - youre not going to get images like those 
from the Hubble Space Telescope. So be patient and 
persevere and eventually you will be rewarded. 


3. Invest wisely in quality gear 

As your astrophotography skills improve you may 
decide to upgrade. When you do, a sturdy mount is as 
important as good quality optics, to aid tracking and 
avoid vibration. 
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Meade Polaris 130MD 


Ideal for those on a budget, this well-made reflector is ideal 


for observing both Solar System and deep-sky targets 


advice 


Cost: £229 / $319 
From: Hama UK Ltd 
Type: Reflector 
Aperture: 5.1" 
Focal length: 25.6" 





Best for... 


Intermediate 
Small budget 
Planetary viewing 
Lunar viewing 


Bright deep-sky objects 


CQ®C009 








Telescope 


If you're on a strict budget but are 
looking for a telescope that's a bit 
more advanced than a standard 
beginner's instrument, then we highly 
recommend the Polaris 130MD. If 
you're new to astronomy or have 
never owned a telescope before, we 
strongly suggest going for a telescope 
with a much more simple alt-azimuth 
mount - the Polaris 130MD employs 
an equatorial mount that a novice 
astronomer will find frustrating to use 
and set up. On the plus side though, 
if youre still unsure of which objects 
you like observing the most - or if you 
enjoy gazing upon a variety of targets - 
this reflector is a good compromise. 
While we think that the Polaris 
130MD is geared more towards an 
intermediate astronomer, Meade 
has supplied everything you need 
for a successful night of observing. 
The instructions on how to build 
the telescope and how to use it are 
especially comprehensive and the 
supplied eyepieces - 6.3mm, 9mm 
and 26mm - offer high, medium and 
low magnification for viewing a wide 
selection of astronomical targets, as 


well as a 2x Barlow lens. A bonus 
Autostar Suite Astronomy planetarium 
DVD features a wide selection of night 
sky targets that the Polaris 130MD 
can be used to find. While you will be 
able to get a good view of some of the 
10,000 celestial objects in the night 
sky, youre unlikely to be able to see 
them all with the telescope’s five-inch 
aperture. However, if you do not have 
a Windows machine, then you will be 
unable to use the disc. 

With a relatively low price for a 
telescope compared to other models, 
we were impressed with the general 
build of the instrument, with the 
majority of parts having a very sturdy 
set up. We were pleased to find that 
the telescope's tube is made of steel 
and the equatorial mount comprised 
of heavy cast steel, however, this 
means that the telescope is heavy and 
therefore isn't very portable. On closer 
inspection, the eyepieces were not as 
high quality as the remainder of the 
telescope, but we did not disregard 
them before we had the chance to 
use them on a variety of night sky 
targets. Two control cables fit onto 


“Deep-sky objects looked 
exquisite in the telescope's 


field of view" 


A 6.3mm, 9mm, 26mm and 2x 

Barlow lens are supplied with 
the Polaris 130MD, offering a 
selection of high, medium as 
well as low magnifications 


the mount, which allowed us to move 
the telescope's right ascension and 
declination - with a bit of fumbling 
around, we did note the slack in the 
cables, which resorted in us moving 
the gear itself, which allowed for more 
smooth and accurate control. We 
found that the supplied motor could 
be attached to the right ascension gear 
easily. The telescope also came with a 
red dot viewfinder - an ideal choice for 
locating stars and other objects in the 
night sky. 

Heading out to a clear night sky 
with the Polaris 130MD, we couldn't 
Wait to test it on a selection of Solar 
System and deep-sky objects. A 
Waxing crescent Moon, which was 
26 per cent illuminated, made for an 
ideal target. As the Moon was not too 
bright it meant that the reflector didn't 
collect as much light, preventing it 
from washing out the lunar surface. 
The red dot viewfinder allowed us 
to locate the lunar sea Mare Crisium 
simply enough, before we toured along 
the rugged, cratered surface. 

The view through the medium 
magnification eyepiece was impressive 
with the exquisite and high definition 
view. Switching over to the 26mm 
eyepiece, we did find it hard to focus 
on any features of the lunar surface, 
but, given the very good view through 
the 6.3mm and 9mm eyepieces, 
we weren't too dismayed. However, 
combing the low magnification 
eyepiece with the supplied 2x Barlow 
lens, we did have some trouble 
focussing once again. It seemed that 
when using a high magnification, 
the telescope shook when we tried 
to focus the view and a greater deal 
of fine-tuning had to be employed 
to bring a sufficiently sharp enough 
image into sight. Deep-sky objects, 
such as the Andromeda Galaxy and 
Pinwheel Galaxy looked exquisite 
in the telescope’s field of view, as 
it showed off their bright centres 
and faint discs, and highlighted the 
telescope’s light-gathering ability. 

We waited until the early hours 
of the following morning to catch 
Mars, Jupiter and Venus just before 
sunrise in the east. Making Jupiter 
our first target, it took no time at all 
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locating the gas giant using the red 
dot viewfinder to observe under low 
magnification. The Galilean moons - Io 
Europa, Ganymede and Callisto - were 
easily detectable either side of the 
planet's disc. Swapping the 26mm 
eyepiece for the 9mm and 2x Barlow 
lens, we could impressively make out 
the Jovian bands. 

Slewing across to Venus and Mars, 
we were treated to the second planet 
from the Sun's crescent and then a 
small, but fair, view of the Red Planet's 
salmon pink disc. The planets gave 
us the ideal opportunity to test the 
motor's ability to track. Switching 
the motor drive on, we focussed the 
reflector's tube at Venus and headed 
inside to make a cup of coffee to keep 
warm. After 15 minutes had elapsed, 
we headed back outside to check up 
on the set up - impressively, Jupiter 
was still in the field of view and the 
QV battery was still going strong, 
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The red dot finder worked STARGAZER 
ficiently well duri | d 
ee Telescope advice/'¥ 
The 5” aperture allowed a wide 


variety of Solar System and 
deep-sky objects to be viewed 















despite the cold 
temperatures. 
Trying out 

the tracking 
ability again, 


this time for a cen 7 ; | S. 
longer period A “) > \ 


of time, we 
found that we 
had to re-centre 
the gas giant in the 
field of view. 

The Polaris 130MD is 
a very good instrument and, 
considering the price, you get a lot 
more than what you pay for. While the 
high magnification eyepieces didn't 
supply the views that we had hoped 
for, it can be accessorised easily thanks 
to the versatile 1.25" eyepiece holder 


| POLARIS" 


ee 





The motor operated 
impressively for up to 15 
minutes and ensured that 
the telescope kept track of 

selected night sky targets 


f The Polaris 130MD's 
- just be sure to go for a sensible equatorial mount is 
eyepiece selection that doesn't push made of heavy cast steel 
the telescope's useful magnification that has contributed to a 


too high and avoids a blurry view. @ sturdy set up 





A HOMESTAR ORIGINAL 
PLANETARIUM 


Bring the night sky into your home, courtesy of Sega ee 





Enjoy the.sight of thousands of ; constellations. A shooting star function 
twinkling stars from: the comfort of provides a beautifully realistic night- 
your sofa with the Homestar Original’ . time experience, while a handy’ timer 
planetarium, courtesy of Sega Toys. lets you fall asleep while gazing at the 
With its ultra-bright three watt LED stars before turning off the planetarium } 
and its rotating movement, this high- automatically. Complete with AC iN —™ . 
definition planetarium projects the - _, adapter, exchangeable projection discs, : re MOVE x«— POWER 
Northern Hemisphere's night sky . a manual.and astronomical background " nt] ) ; OFF | 
CHK OT Meco loinetm (Orme information, the Homestar Original is et ™ 
observe the heavens and map the ' - ideal for all of the family. 
sKon o\omismuldeu-meeetsles of winning, all 
you have. to do.is answer oa question: | 
Courtesy of:. 

SEGA. 
A: Betelgeuse | TOYS 
B: Capella | | 
ee Chie i| 


Enter oalhiats at: spaceanswers.com/ eet yeaa COT Visit the website for full terms and conditions 
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Hubble - 25. Years of Space Exploration 
+ a + 
oe ’, , Celebrating 25 years since tts launch, T 
toe, ad Cl et eight stamps feature spectacular images 
i i ¢ maa se from the Hubble Space Telescope. Available 


The Miniature Sheet features the Hubble tet tT 
in its final release over Earth. 
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Stamps First Day Cover Miniature Sheet First Day | 
Enuelope £7.32 + var + Cover Envelope £3.15 «var | 
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Also available 


Set of eight stamps £6.17 vat Set of eight stamps in Presentation Pack £7.32 «vat 
CC ee PMC ae em 


UCC MCC Umm ceClmi ;* | Me Pi ‘ - 
www.jerseystamps.com — ) 
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Check out our website for latest: special eClET. | 
Showroom open 5 days a week - Free on site parking ~ P 


www.tringastro.co.uk 
Unitl5 The Old Silk Mill, Brook St, Tring, Herts HP23 5EF 
tacebook.com/tringastro @Tring_Astro 


TELESCOPES 
Call 0208 979 6809 
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Fornax Mounts, ZWO CMOS & Moravian Instruments CCD cameras 
available via our online shop and our select dealers: 





Call 020 33 845 187 between Yam — 80m 7 days a week. 


Established for 

over 70 years. 

Sherwoods are one of | 

the Midlands leading 
specialists in Night 

Vision, Binoculars 

and Astronomical 

Telescopes. 

At our new showroom now 
open at the Arden Centre Little 
Alne (nr Henley in Arden), we 


display optics from the world’s 
leading manufacturers. 


The Arden Centre Little Alne 
Wootton Wawen 
Warwickshire B95 6HW 
Tel. 01789-488880 


Check out our website for latest 
offers and full product ae 
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Astronomy 
kit reviewS 


Stargazing gear, accessories and books for 
astronomers and space fans alike 








olivon ED 


Cost: £90 (approx $140) each 

From: Optical Hardware Ltd 

Our first impressions of the Olivon ED 

eyepieces were good. While bulky, their 

sturdiness promises a long lifetime under harsh 

observing conditions. The 1.25” fitting is versatile and 

can be fitted to a wide range of telescopes and spotting 

scopes. Twisting up the eyecups, the Olivon ED eyepieces 

boast long eye relief, and, after combining them with an 

in-house telescope for a night of observations, we found our 

expectations of them to be true. 

Whilst touring the night sky, observing Jupiter, the Moon and 

the Andromeda Galaxy, we quickly found that the optics of these 

eyepieces were just as impressive as their build. Thanks to the fully 

multi-coated optics and energy dispersion glass, astronomical 

objects were not only magnified, but colour fringing - also known 
as chromatic aberration - was significantly reduced to provide 
brighter images with excellent contrast. They also allowed wide 
angled objects such as open clusters to fit very well into the field 
of view, whilst still retaining high clarity. Don't be put off by the 
price, as the sturdy build and excellent results of the Olivon ED 
eyepieces make them money well spent. 
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Planisphere PLAN ISPHERE 


Collins Planisphere 
Cost: £9.99 (approx $15) 
From: Harper Collins -- 2 aad 
Perhaps one of the most essential aids for anyone who needs help y | 
navigating the night sky, a planisphere is a necessity. Compiled by 
astronomical experts Storm Dunlop and Wil Tirion and approved 
by astronomers at the Royal Observatory Greenwich, this 
planisphere is well designed and easy to use. S 
Our first test was to see if the planisphere was still readable = 
under red light, which is used by astronomers to preserve 
night vision. Taking the planisphere outside, every detail 
on the map was visible, so whatever constellation in the 
Northern Hemisphere you might be looking for, you can use 
the planisphere to find it with ease. Many budding astronomers 
can be overwhelmed when first getting to grips with using a 
planisphere, but its practical instructions printed on the back 
told us easily how to dial in the date and time at our location, by 
rotating the discs. A window showed us the part of the autumn 
night sky that was visible above us at the time. 
Overall, we were impressed with the planisphere’s detail and 
high quality material - an allover laminate ensures condensation ; 
can simply be wiped off without causing damage and also means Ho aww 
that it can be used for many observing sessions to come. 
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Binoculars 


Visionary Nature Detective 
10x50 binoculars 


Cost: £65 (approx $100) 

From: Optical Hardware Ltd 

Impressively built, the Nature Detective 10x50 binoculars have 
very good image quality for their price. When we put them 

to the test, the in-built BAK4 prisms provided relatively clear 
images of the Moon's surface as well as Jupiter and its moons. 
Observed in the small hours of the morning, the gas giant 
appeared as an obvious white disc with its Galilean moons - Io, 
Ganymede, Callisto and Europa - snuggled close by. 

Binoculars of this magnification in particular are light and 
easy to hold, ensuring comfortable observing for long periods 
of time, and these are of no exception - we swept the night sky 
with ease and found that having them in an elevated position 
for long periods of time didn't leave us tired. Their robust build 
and waterproofing is a massive plus, making these binoculars 
ideal for nature watching throughout the day. Twist eyecups 
also provide long-term eye comfort. 

For the price, these binoculars are very well collimated and 
the lenses are beautifully coated, but we did detect a small 
amount of colour fringing when observing brighter targets. 
Despite this, these reasonably-priced binoculars are one of the 
best pairs we have had the pleasure of using. 


The knowledge. - 
Stargazing | Maggie Aderin-Pocock, MBE Book . 

arg The Knowledge: Stargazing 
Cost: £10 / $14.49 (available as e-book in US) 
From: Quadrille Publishing Ltd 
For those who want an easy-to-understand primer to learn 
more about astronomy, The Knowledge: Stargazing by Maggie 
Aderin-Pocock is a good place to start. Beginning with the 
history of stargazing and then getting into amateur astronomy 
- from observing objects with the naked eye, scanning the 
heavens with binoculars, and choosing your first telescope - 
this pocket-sized book offers a good (but not complete) amount 
of guidance to navigating the night sky. 

Astronomy guides of a similar price, such as those produced 
by Philips and Collins, provide much more information - 
something extremely important when conveying a new hobby 
to anovice. Its pocket-size means that it can be carried easily 
in your bag, but also makes it difficult to read the sky maps 
within it - a shame given that we enjoyed the section that 
identified naked-eye stars that have exoplanets in orbit around 
them. The layout of maps within the book could also be 
confusing for a novice astronomer, if they are attempting to use 
them to identify constellations during an observing session. 
We thought that the maps could do with a splash of colour, 
however, this doesn't render them completely useless - the 
dusty path of the Milky Way is clear, as are the constellations, 
meaning that it can be used in conjunction with a star map. 

The Knowledge: Stargazing provides a good general 
overview of astronomy, sprinkled with the important pieces of 
information regarding starting out on the right foot. But for the 
more intricate details, you should go for a guide that is much 
more hands on with practical astronomy. 
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Fighter and Test Pilot stood 
him in good stead as Pilot 
and Commander of three 
Space Shuttle missions 


suas 


Christopher Ferguson 


The last person to land a Space Shuttle, 
and is today laying the foundations for 
the next generation of US astronauts 


Not many people can lay claim to 
ending an era of space exploration, but 
that's the unusual position astronaut 
Chris Ferguson found himself in, as 
commander of the very last Space 
Shuttle mission to the International 
Space Station (ISS) in 2011. 

Born in Philadelphia in 1961, 
Ferguson had a high-flying career as 
a pilot in the US Navy, training with 
the famous TOPGUN Navy Fighter 
Weapon School before being selected 
to become a test pilot in 1989. After 
rising to the rank of Captain, he 
was selected for NASA‘s training 
program in 1998 as part of its “Group 
17" astronaut intake - nicknamed 
the ‘Penguins’. He spent the next 
two years carrying out the essential 
training required to pilot the Space 
Shuttle. He was assigned as pilot 
for the Atlantis shuttle mission STS- 
115, a space station assembly flight 
scheduled for launch in April 2003. 

But just two months before 
Ferguson's planned space debut, 
tragedy struck when the Columbia 
broke up on re-entry to Earth's 
atmosphere. The entire shuttle 
program was immediately suspended, 
and in early 2004, President George 
W Bush announced that launches 
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would come to an end following those 
necessary to complete construction 
commitments for the ISS. 

After two ‘return to flight’ launches 
by experienced crews in 2005 and 
2006, Ferguson's rescheduled STS-115 
was finally slated for a late August 
2006 launch, only to hit further delays 
thanks to Tropical Storm Ernesto. 
Atlantis finally soared into the air on 9 
September after a flawless countdown. 
Over nearly 12 days in space, the 
shuttle and ISS crews worked together 
to fit a new structural truss element 
and two new sets of solar panels. With 
spaceflight experience now under his 
belt, Ferguson could step up to the 
role of Commander for his next two 
shuttle missions. 

STS-126, launched in November 
2008, was a 15-day Endeavour mission 
that resupplied the station with more 
than six tons of supplies, experiments 
and new equipment from the Multi- 
Purpose Logistics Module (MPLM), 
carried in the shuttle'’s payload bay. 

It’s main focus, however, was a series 
of four spacewalks to service the 
Solar Alpha Rotary Joints - complex 
mechanisms that allow the station's 
solar panels to permanently face 
towards the Sun. Endeavour left the 
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ISS in peak condition but bad weather 
in Florida complicated its return 

to Earth and Ferguson was forced 

to divert and land on a temporary 
runway at Edwards Air Force Base 

in California - 914 metres 3,000 

feet) shorter and 30 metres (100 feet) 
narrower than the main airstrip. 

In between spaceflights and 
training, Ferguson served as CAPCOM 
(Capsule Communications - the 
‘voice’ of mission control for orbiting 
spacecraft) during three other 
shuttle missions. Ferguson's final 
spaceflight, STS-135, used the Atlantis 
shuttle once again, and launched on 
8 July 2011 to keep the ISS supplied 
while commercial delivery vehicles 
were being readied for service. The 
stripped-down mission had a crew of 
just four, and its main cargo was an 
MPLM loaded with equipment, but 
transferring the cargo to the ISS was 
an arduous task. The mission was 
extended by a day, returning with a 
spectacular night approach, landing on 
21 July 2011. 

With further NASA spaceflights 
many years away, Chris Ferguson 
retired in December 2011, after logging 
AO days and ten hours in space. But 
he certainly didn't leave spaceflight 
behind completely - today he works 
for Boeing’s commercial space division 
as director of Crew and Mission 
Operations for its CST-100 project - a 
manned space capsule scheduled for 
first flight by 2017, which could one 
day take over the Space Shuttle's role 
as America's primary route to the ISS 
and Earth orbit. @ 
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Everything you Need in One Box 
Get set up and started with astronomy in minutes. 


Equatorial Mounts, Finderscopes 
and Slow Motion Controls 


Allow smooth, straightforward tracking of objects as they 
move across the night sky. 


Share your Discoveries with Others 
Large apertures ensure bright, detailed viewing of the 
moon, planets and deep space - perfect for capturing on 
camera! 
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NexStar” 
EVOLUTION 


The first ever Schmidt-Cassegrain 
Telescope with fully integrated WiFi 





Now you can leave your hand control 
behind and slew to all the best celestial 
objects with a tap of your smartphone 

or tablet. Connect your device to NexStar 
Evolution’s built-in wireless network and 
explore the universe with the Celestron 
planetarium app for 10S and Android. 


6", 8" or 9.25" SCT. 


iPAD and iPHONE SHOWN NOT INCLUDED 
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Available from specialist astronomy retailers and selected other dealers nationwide. 
Celestron is distributed in the UK & Ireland by David Hinds Limited. Trade enquiries welcomed. 


WWW.celestron.uk.com 


Celestron® and NexStar® are registered trademarks of Celestron Acquisition, LLC in the United States and in dozens of other countries around the world. All rights reserved. 
David Hinds Ltd is an authorised distributor and reseller of Celestron products. The iPhone® and iPad® are trademarks of Apple Inc., registered in the U.S. and other countries. 


